Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 



WEAIE'S SCIENTIFIC A TEGHNIGAL SERIES. 



CIVIL ENQINBBRlNa & 

Civtl Enginaering, H. Liw&D. 
Pioneer Engineering. E. DosaoK 
Iron Bridges of Moderate Span. 
Iron and Steel Bridges & Viadm 
Constri "^■" ■ "" '"■ 



SURVBYlNa. 



H. W. Pendhid. 
F, Campih . 




Steam Engine. Dr. Lardkik . 

»ar&atb College Itftrarg 

THE GIFT OF 
GINN AND COMPANY 




WEALE'S SCIENTIFIC & TECHNICAL SERIES. 



MECHANICAL ENQINEERINQ, iLC—eontd 
Sewing Machinery. J. W. IXrquhart . . . 
Power of Water. J. Glynn .... 
Power irr Motion. J. Abmoub .... 
Iron and Heat J. Abmour .... 
Meclianism and Macliines. T. Bakxr k J. Nasmyth 
Meclianics. C. Tomlinson . . • • 
Cranes and Machinery. J. Glynn • . - . 
Snnithy and Forge. W. J. E. Cranb 
Sheet-MeUl Worlcer's Guide. W. J. E. Crane . 
Elementary Electric Lighting. A. A. G. Swinton 



MINING & METALLURGY. 

Mining Calculations. T. A. 0*Donahtje . . . 

Mineralogy. A. Ramsay 

Coal Mining. Sir W. W. Smyth & T. F. Brown . . 
Metallurgy of Iron. H. Baverman • . . . 
Mineral Surveyor's Quide. W.Lintbrn . . . 
Slate and Slate Quarrying. D. 0. Davibs 
Mining and Quarrying. J. H. Collins . . . 
Subterraneous Surveying. T. Fbnwiok k T. Bakbr 
Mining Tools. W. Mobgans ; ; . . . 2/6 



2/- 
2/- 
2/- 
2/6 
2/6 
1/6 
1/6 
2/6 
1/6 
1/6 

3/6 
3/6 
3/6 

5/- 
3/6 

3/- 
1/6 

2/6 



Plates to ditto. 4to. 

Physical Geology. Pobtlook k Tate 



4/6 
2/- 



Historical Geology. B. Tate . . . . 2/6 



The above 2 vols., bound together 
E lectro- M etal I u rgy . A. Watt 



NAVIGATION, SHIPBUILDING, 6ic. 

Navigation. J. Greenw6oi) & W. H. Rosser 
Practical Navigation. Greenwood, Rosser k Law . 
Navigation and Nautical Astronomy. J. B. Youno 
Mathematical & Nautical Tables. Law k Young . 
Masting and Riggings R. Kipping . . 
Sails and Sailmakihg. R. Kipping . . . . 
Marine Engines. R. Murray k G. Carlisle . 

Naval Architecture. J. Peake 

Ships, Construction of. H. A. Sommerfeldt . 

Plates to ditto, 4to 

Ships and Boats. W. Bland . . ... 



4/6 
3/6 

2/6 

7/- 
2/6 

4/- 
2/- 
2/6 

4/6 
3/6 
1/6 
7/6 
1/6 



CROSBY LOCKWOOD & SON, 7, Stationers' HaU Court. E.C. 



AQRICULTURB & QARDBNINQ. 

Fertilisers & Feeding StufTs. Dr. B. Dtxk • • i/- 
Draining and Embanlcing. Pkof. J. Scott . i/6 

Irrigation and Water Supply. Prot. J. Soott . . i/6 
Farm Roads» Fences, and Qates. Prot. J. Soott . i/6 

Farm Buildings. Prof. J. Soott 2/- 

Barn Implements and Machines. Prof. J. Soon . 2/- 
Field Implements and Machines. Prof. J. Soott . 2/- 
Agricultural Surveying. Prof. J. Soott • • .1/6 

The aboTe 7 toIs., bound together . • • . 12/- 
Farm Management. B. S. Burn . . .2/6 

Landed Estates Management. B. S. Burn • . 2/6 
Farming->Soils, Manures, and Crops. B. S. Burn 2/- 
Farming— Outlines— Farming Economy. B.S.Burn 3/- 
Farming— Oattle, Sheep, and Horses. B. S. Burn 2/6 
Farming— Dairy, Pigs, and Poultry. B. S. Burn . 2/- 
Farming— Sewage & Irrigation. B. S. Burn . . 2/6 

The aboTe 5 toIs., bound together . . • . 12/- 
Boolc-lceeping for Farmers. J. M. Woodman • 2/6 
Ready Reckoner for Land. A. Arman • . 2/- 

Miller's & Farmers Ready Reckoner . 2/- 

Hay and Straw Measurer. J. Stsslb . . . . 2/- 

Meat Production. J. Ewart 2/6 

The Sheep. Vf, 0. Sfoonrr 3/6 

Multum-ln-Parvo Gardening. S. Wood . • • i/- 

Forcing Garden. S. Wood 3/6 

Market and Kitchen Gardening. 0. W. Shaw . 3/- 
Kitchen Gardening. O. M. F. Olbnnt. . . 1/6 

Cottage Gardening. B. Hosdat • • .1/6 

Garden Receipts. 0. W. Quin 1/6 

Potatoes : How to Grow. J. Pink . • . • 2/- 
Culture of Fruit Trees. M. Du Brkuil • . . 3/6 
Tree Planter & Plant Propagator. S. Wood . 2/- 
Tree Pruner. S. Wood . . . 1/6 

Tree Planter, Propagator, & Pruner. S. Wood . 3/6 
Grafting and Budding. 0. Baltxt . . .2/6 

Bees for Pleasure & Profit. O. O. Samson • . i/- 



CROSBY LOCKWOOD & SON. 7. Sutioaers' Hall Court, B.C. 



ELECTRO-TYPING 



A PRACTICAL MANUAL 



FORMING 

A NEW AND SYSTEMATIC GUIDE TO THE REPRODUCTION 
AND MULTIPLICATION OF PRINTING SURFACES 
AND WORKS OF ART BY THE ELECTRO- 
DEPOSITION OF METALS 



BY 



J. W. URQUHART, C.E. 

AUTHOR OF " ELECTRO-PLATING, A PRACTICAL HANDBOOK/' ** ELECTRIC LIGHT, 

ITS PRODUCTION AND USE«" &C 




Gp^^lls 



LONDON 

CROSBY LOCKWOOD AND CO. 

7, STATIONERS' HALL COURT, LUDGATE HILL 

1881 

{All rights reserved] 



D. VAN NOSTRAND COMPANY, 

KBW YORK. 




PS^^U'" 



v/ 



HARVARD COLLEGE LIBRARY 

GIFT OF 

GiNN & COMPANY 

•viARCH 17, 1927 



LOXDOV: 

rBnrrxD ft h: tibtub aito coxpaht, uuitsDi 

OXTY BOAD. 



PREFACE. 



The author's endeavour to treat, in an easily appre 
hended style, upon another branch of the Electro* 
metallurgic art ("Electro-Plating'*), has received so 
much encouragement that he has been induced to 
offer the present handbook as a companion volume, 
in the belief that it will meet a want of considerable 
extent. 

The distinct art of electro-typing has, within the 
last few years, advanced with such wonderful 
rapidity that it is now practised as an important 
auxiliary in industries of the most varied descrip- 
tion. The particular methods employed in the 
processes ten years ago may now be considered 
in great part obsolete, improved systems having 
superseded them. This small treatise is therefore 
intended to serve as a guide, not only to beginners 
in the art, but to those who still practise the 
old and imperfect methods of electro-typing; it 
aims also at preparing the way for a thorough 
scientific study of the art, if such be considered 
necessary for its successful prosecution. 



VI PREFACE. 

The introduction of cheaper electrical generators, 
in the form of dynamo-electric machines, driven by 
steam-power, has brought about many of the 
changes above alluded to. The Americans have 
exhibited great enterprise of late years in cheapen- 
ing every detail of the process, which English 
electrotypers have not . been slow to appreciate, 
adding to both speed of working and excellence of 
the products ; but on the Continent, especially in 
Germany, the art is as yet in a backward state. 

In the following pages special prominence has 
been given to the production of printing electro- 
types, and to the reproduction of art work. An 
endeavour has been made to grasp the fundamental 
principles of the art ; an earnest attempt has been 
made to induce the reader to take some interest in 
the scientific basis of the processes, by giving 
practical examples of the use he can make of the 
oft-misunderstood and generally confusing laws of 
electro-chemical science. 

The first chapter of the book is in great part 
occupied by explanations of the leading electrical 
laws, and their relation to the chemical compounds 
to be subjected to electrolysis. An endeavour 
has been made to reduce the terms, ^^ current of 
electricity," "amount of deposit," and so forth, 
to some real and easily apprehended meaning, in 
order that the reader may be able to attach prac- 
tical significance to the current he is using, and 
reconcile its amount with the weight of copper he 
can obtain. Some little acquaintance with chemistry 
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on the reader's part has been assumed, but of elec- 
tricity he is supposed to know little or nothing ; he 
will, however, derive great benefit from a careful 
perusal of the electrical laws in some good text-book. 
The second and following chapters of the work 
are devoted to instructions to the operator, with a 
special bearing upon ordinary requirements. The 
use of the dynamo-electric machine is explained at 
length. The description of apparatus employed by 
the electrotyper has received careful attention ; in^ 
materials now usually found best suited to the 
different sections of the art are described; the 
preparation of work for the depositing process is 
treated at considerable length, and the process 
itself has been carefully detailed in Chapter VIII. 
The work is thus arranged in ten chapters, one 
division being devoted to each important section of 
the art : the divisional paragraphs, when they open 
a new portion of the subject, are furnished with 
italicised headings. 



London, i88i. 
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CHAPTER L 

Introduction to the Art* 

\ The electro-depositor's art is so widely dissemi- 
nated over numerous modem industries, that to 
give a concise and comprehensive definition of 
the compound term electro-typing is rather diffi- 
cult. Its general significance, however, may be 
understood to imply the production of met allic copies 
and duplicates of objects by means of electricity. 

Thus, an electrotype of a wood engraving con- 
sists of a metallic duplicate, accurate in every 
detail. It possesses the additional advantage of 
being better adapted to printing purposes than the 
original. 

An electrot3rpe of a plaster bust, or a bird, or a 
fish, forms an accurate metallic reproduction of the 
original, rigid, and indeed everlasting. 

In some important respects the products of 
this fascinating and beautiful art resemble the 
residts of photography ; every line, excellent fea* 

B 
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ture and defect, is reproduced with a faithfulness 
almost surpassing belief. From the nearly invisible 
lines of the finest steel engraving to the boldest 
contour of a statue, the electrotype is throughout an 
exact and unmistakable reproduction. 

Copper is the metal almost universally employed 
in the production of electrotypes. It is cheap, 
ductile, strong, and flexible, and is admirably 
adapted for printing purposes in many cases 
where various other metals and wood are inad* 
missible. It also presents an agreeable and attrac- 
tive appearance in art reproductions. Electro- 
typed printing surfaces may be, and frequently are^ 
so protected from the effects of wear, by means of 
a thin and hard facing of iron, brass, or nickel, that 
they may be made to }deld as many as from ten to 
twenty thousand impressions. The "steel face,'* 
or its remains, may, moreover, be dissolved oS, and 
the process repeated without loss of sharpness or 
injury to the original ; in this manner the printing 
electrotype may be made infinitely more useful than 
the prototype itself. 

Engraved steel plates are not now, owing to 
their great value, used generally in printing ; 
electrotypes, steel-faced, are taken of them and 
employed in the printing process. Wood blocks of 
value are similarly treated. Set-up type is fre- 
quently in Europe, and almost universally in 
America, copied in electrotype, instead of by 
means of stereotyping, the old casting process. 
Any number of copies of one object or plate, either 
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from the original or from an electrotype, can be 
obtained. Bank-notes, postage stamps, bill*heads, 
illustrated newspapers, playing cards, grocers' 
wrapping papers, maps^ and numerous other kinds 
of printing work are executed from electrotype 
plates. 

In the domain of art the applications of the 
electrotype are no less widespread. It is employed 
to produce copies of the smallest medals, casts, and 
coins ; its application to the production of gigantic 
statues and ornaments may be inspected in almost 
every public recreation ground ; and in great per- 
fection on the celebrated Albert Memorial, in 
Hyde Park. It is almost impossible, and its ac- 
complishment would prove of little use, to detail 
the numberless applications of the art ; they are 
legion, and may be said to be enormously aug- 
mented in numbers yearly. 

Having thus obtained an outline conception 
of the field in which the electro-typer's art is 
utilised, it will prove instructive to briefly ex- 
^amine the main manipulatory features and forces 
necessarily employed in its general practice. It 
will be well to premise, however, that electro- 
tjrping and electro-plating are very closely re- 
lated to each other; indeed, one is ofteti classed 
with the' other. They are both deposits of metals 
laid in position by means of electricity, but except 
in this main particular their application lies in 
totally different fields. To electro-plate is to dis- 
guise with an adherent thin coahng of metal, which 
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then serves as an ornamental covering to the object 
treated. To electrotype, on the other hand, is to 
produce a separate and distinct object^ with an 
existence of its own. The following 26 pages are 
exclusively devoted to a comprehensive discussion 
of the chief conditions under which the electro- 
depositor's art is practised. This section of the 
work is intended to serve as an . introductory 
lesson, in which the fundamental laws of the 
science, as applicable specially to the production 
of electrotypes, are laid down and defined. It will 
well repay the student to give it careful attention, 
with reference, where necessary, to works on elec- 
tricity; no difficulty will afterwards be encoun- 
tered, because the remaining chapters refer chiefly 
to the apparatus and manipulation by means of 
which these primary principles are utilised. 

A condensed outline of the Art. — This must be 
accepted merely as an outline sketch, to assist the 
reader to a more intelligent understanding of the 
principles laid down further on. Let us, for ex- 
ample, select an engraved block from which an 
electrotype is required. The block is first rubbed 
gently all over its surface with finely powdered 
plumbago, which gives a polish and prevents 
** seizing " in the moulding process ; and it is 
afterwards blown upon with the breath to free it 
from dust. A frame of sufficient size is now filled 
up level with a hot melted mixture of the following 
ingredients : — Bees'-wax, Venice turpentine, and 
blacklead. This is to form the mould, which is 
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placed directly over the wood block on the level 
table of a press, when both are forced together with 
considerable pressure. A little care will now enable 
the mould and block to be separated. The mould 
contains a perfect copy of the block reversed. The 
next process has for its object the provision of a 
conducting surface for the mould, so that it may 
conduct the current of electricity sufficiently well 
to allow of deposition being proceeded with. This 
^s done by carefully brushing plumbago over 
its surface with soft brushes until a uniform 
polished film is produced ; this conducting surface 
is so spread as to allow of the copper being de- 
posited all over the mould. Those portions which 
should not receive a deposit are " blocked out " by 
varnish. The mould is now hung in a vessel 
containing an acidulated solution of sulphate of 
copper. A wire from the negative pole of a gal- 
vanic battery is attached to it, while the positive 
pole is connected with a copper plate, termed 
the anode. 

Deposition of copper upon the mould immediately 
commences, beginning at the edges and advancing 
towards the centre. When a sufficient thickness of 
"shell" is obtained, which may take a few days 
to accomplish, the mould is removed, heated, and 
separated from the "shelL" The surface of this 
electro-deposit is found to be in every respect a 
duplicate of the original block, but it is yet too 
weak for printing purposes. It is tinned and backed 
with a layer of an alloy of lead and tin, squared. 
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planed flat^ and finally mounted upon a wooden 
block, t3^e high. It may now be printed from. 

Such is the mere routine of the process, as 
applicable to common wood blocks, which would 
not prove of material assistance to the reader 
were he to try the experiment and ignore the 
details upon which the success of the operation 
mainly depends. 

To gain a mastery over the principles of the art, 
the reader must devote his earnest attention to 
obtain a correct understanding of the action electri- 
city exhibits in its operation; he should also be 
acquainted with the best methods by which electri- 
city may be obtained ; and must particularly be 
familiar with the use of currents and the mani- 
pulation of galvanic apparatus. The different 
processes of moulding and preparing he will find 
comparatively easy, which may also be said of the 
final preparatory or finishing process. Each im- 
portant section of the entire process will be 
found imder the different heads, as complete as 
possible in itself, the more important being dis- 
cussed first. A slight knowledge of chemistry on 
the part of the reader will prove of much assist- 
ance. 

Nomenclature of the Art. — The fundamental 
principle of electro-deposition may be laid down 
as follows : — ^When a current of electricity passes 
through a solution, as of cupric sulphate, it pro- 
duces a chemical change; the solution is decomposed^ 
and the copper set free. This will be more fully 
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Explained hereafter ; at present we are concerned 
with the terms employed to indicate the nature of 
thfe conditions necessary in electro-chemical de- 
composition. The nomenclature Faraday employed 
is as follows : — Electrolysis (from elektron^ and lysts^ 
a disengaging) is used to designate that branch of 
electrical science which treats of the laws ot 
electro-chemical decomposition; it. includes, of 
course, the science of electro-metallurgy* A sub- 
stance capable of being decomposed by a current 
of electricity is called an Electrolyte (that which 
is unbound by electricity). The poles, or wires 
and plates, by which the current enters and leaves 
the solution are called Electrodes (from hodoSj a way). 
The positive pole (+), or that by which the cur- 
rent enters the solution, is termed the Anode {ana, up, 
and Aodos, a way). The negative pole (— ), or that by 
which the current leaves the solution, is called the 
CatAode{kataf down, and Aodos, a, way). The elements 
of the solution (electrolyte) set free by the current 
are termed Ions (from ion, going). Those of the 
elements which appear at the anode are called 
Anions, and those set free at the cathode are called 
Cations. The word electrolyse signifies to decom- 
pose by means of a current of electricity. 

The Electric Circuit.-^A.^ari from any knowledge 
of the battery by which the electric current is pro- 
duced, it should be clearly established in the 
student's mind that the current must, from its 
nature, always move in a circuit ; this signifies that 
no electricity can pass through a wire or other 
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conductor which does not offer a complete and 
unbroken path. By some the word circuit is taken 
to signify that electricity which leaves a battery 
must always have a path provided for its return to 
the battery. The fact is, that no electrical effects 
can be obtained in a circuit which is incomplete. 

Condttckrs and Insulators. — The properties of all 
classes of conductors and insulators cannot be dis- 
cussed here, so that we may select those employed 
in the art of electro-typing for special treatment* 
All metals are conductors of electricity. Silver offers 
least resistance to the passage of electricity, and is« 
therefore, the best conductor. Copper is the next 
best conductor, and is universally employed for lead- 
ing wires from the battery to the depositing vesseL 
Most solutions andacids are conductors, but o^^xcon^ 
stderable resistance to the current. Acidulated water 
conducts better than pure water. Dry wood, glass, 
porcelain, g^tta-percha, and, indeed, all such non- 
metallic substances, offer such high resistance to the 
current that none of it will pass ; these substances 
are therefore termed insulators. The resistance of a 
conductor to the current varies directly as its length; 
hence, six feet of a particular wire will offer twice, 
the resistance given by three feet. The unit of re- 
sistance (by which it is measured) may be roughly 
taken as about equal to six feet of No. 3 6 Birming- 
ham wire gauge — ^pure copper wire — and is called 
the VhtHy from Ohm, the German physicist. It is 
further spoken of in the section devoted to Measure- 
ment. 
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Current of Electricity . — ^This means the amount or 
quantity of electricity actually supposed to be pass- 
ing in a circuit. It implies, in fact, the working 
power of the electric influence, or its power to deposit 
a given amount of copper in a given time. A weak 
current may deposit copper at the rate of five grains 
per hour only. A strong current may deposit as 
many ounces in the same time. The imit of current 
-or quantity is termed the Farad or Weber per second. 
It will deposit in a circuit of one ohm about seven- 
teen grains of copper per hour. It is also known 
as a " Veber/* 

Electro-motive Fbrce. — ^The electro-motive force of 
a current means that power by virtue of which it 
can surmoimt resistance. A current of low electro- 
motive force may be entirely stopped or absorbed 
by a moderate resistance. A current of high 
electro-motive force can overcome high resistance, 
or accomplish work in such a circuit. The full 
meaning of the term will be better understood a 
little further on, but it should be stated here that 
the extent of the electro-motive force or tension of a 
current depends upon the chemical affinity between 
the plates and solutions of the battery, and also 
upon the difference between the elements of the 
J^attery. The electro-motive force depends to a 
great extent upon the. electrical relationship exist- 
ing between the plates. Tables of the electro- 
chemical series are to be found in most text-books, 
but tjiey generally ignore the fact that, except 
in dilute acid, the relationships are apt to be 
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reversed. The following list, including the com- 
mon metals likely to be used in voltaic cells, exhibits 
the most electro-positive elements firsts and the 
most electro-negative last Thus, to obtain the 
most powerful electro-motive force the first and 
last elements should be combined in the cell. The 
further they are apart in the list the higher the 
electro-motive force. The unit of electro-motive 
force is called a Volt. 



Electro-Positive +• 
Potasfdnm 


Platfanun 


Sodium 


Gold 


MagBestmn 

Zinc 

Iron 


Hydrogen 
Antimony 
Carbon 


Alominiiun 
Lead 


Phosphorus 
Iodine 


Tin 


Chlorine 


Bismuth 
Copper 
Silver 
Mercury 


Nitrogen 
Sulphur 
Oxygen 
Slectro-N«gative < 



Battery. — ^The word battery here signifies that ar» 
rangement which in a circuit gives rise to a current. 
It is the generator of electricity, and is variously 
styled galvanic and voltaic battery. It may be as- 
sumed for the present to be the only generator used ; 
its various forms are fully described in Chap. III. 

When a pair of plates (of copper and zinc), not 
touching one another, are plunged in acidulated 
water, bubbles of gas arise from the naked surface 
of the zinc plate. When, however, the plates are 
connected together by a wire, the numerous bubbles 
of hydrogen are found to arise from the copper 
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plate, and this goes on until the wire is separated 
from one of the plates, or the circuit is otherwise 
broken. A current of electrtcify circulates, in fact, 
throughout the series. While the action lasts the 
zinc plate is being slowly dissolved, but the copper 
plate remains unaffected. 

The current is assumed to be set free at the sur- 
face of the zinc plate ; it moves through the liquid 
towards the copper plate, and in doing so sets 
the hydrogen gas free at that 
plate. The oxygen combines 
with the zinc and forms sul- 
phate of zinc. The course of 
the current is assumed to 
be — starting from the zinc 
plate, it passes through the 
liquid to the copper plate, 
and fi^m its extremity by the 
wire to the zinc plate again 
(Fig. r.) If the wire be cut 
the current ceases to flow. The ^imtu voiiilc G^mtor. 
zinc plate, being the active element, is termed the 
positive plate or element of the cell. The copper 
plate, being passive, is termed the negative element 
The end of the plate at which the current leaves the 
cell is called the positive pole, while the end of the 
plate by which it enters is termed the negative pole. 
Thus the extremity of the copper plate forms the 
positive pole, while the zinc forms the negative one. 
Of course these terms apply equally to any wires 
attached to the plates. The end of the wire from 
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the copper or negative plate is always known as 
the positive pole, and vice versa. 

These are the fundamental principles of a simple 
galvanic cell ; their full significance must be sought 
in text-books of electricity devoted mainly to the 
subject. Enough is given here to enable the reader 
to understand and act upon that which follows. 

The strength of current given by a zinc-copper 
cell is from various causes low. It is strong at 
first, but the rapid covering of the copper plate by 
bubbles of hydrogen and other causes soon brings 
its force down to a mere fraction of the first rush* 
VariPU3 Other generators are in practical use, 
which yield a constant and powerful current. These 
will be found described under the heading ** Soujrce 
of Electricity." One cell is a rather weak arrange- 
ment. Two or more cells may be so joined to- 
gether as to act in concert. When we have more 
than one cell the arrangement is called a battery, 
but the word battery is generally used through- 
out this treatise, although one cell cannot properly 
be so termed. 

The way in which cells may be joined together 
to form a battery will be found described under 
** Source of Electricity,'* but we may briefly 
examine the effect of connecting two cells to- 
gether in this place. When the zinc of one cell 
is connected to the copper of another cell, they 
form a battery of two cells. The electrodes oi 
conductors are in this case to be joined to the 
remaining zinc (negative) and copper (positive) 
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poles. The wires may be simply soldered to the 
plates, twisted around them, or fastened in binding 
screws soldered to the plates. It must be particu- 
larly observed that in forming any electrical connec- 
tions the wire extremities should be perfectly clean 
— a coating of oxide greatly retards the current. 

When the two cells are thus connected together 
it is said that they are joined or combined for 
electro-motive force, because both their electro^ 
motive forces are added together, and it would be 
found that two cells thus connected could deposit 
copper, or do other work, in a much greater resist- 
ance than one cell could overcome. The quantity 
of electricity actually passing will remain as for 
one cell, but the power to push that quantity 
through a resisting medium has been doubled. 

Another statement, connected with these cells, 
should be made here; it is that each cell offers a 
given resistance to its own current. It is of much 
importance to understand this. The liquid be* 
tween the plates is but a poor conductor, and 
therefore offers resistance to the passage of the 
electricity given off at the zinc plate, lliis resist- 
ance is called the internal resistance^ because it is 
within the cell, and not between its poles without. 
Every cell has its internal resistance. Two cells 
added together present a double measure of in- 
ternal resistance, and can for that reason give a 
current in a higher resistance than one cell. When 
the cell is small, its resistance is great, but dimi- 
nishes directly a$ its size is increased. Thus a 
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cell of what is known as ** quart size " will present 
an internal resistance twice as great as one ol 
two-quart size, and so on. The current will also 
increase in proportion in an interpolar resistance 
equal to that of the cell. Hence, to obtain the 
maximum current, or effect, a cell can give, the 
external should equal the internal resistance. 

The electro-motive force has been mentioned 
before, but it remains to be shown that it is not 
dependent upon the size of cell. A pair of thin 
copper and zinc wires immersed in the solution 
will exhibit the satne electro-motive force a^ a pair of 
plates a yard square. The work power or current 
will, of course, be very different. 

Electrodes. — These are the conductors which lead 
the current from the battery to the depositing vessel. 
The positive electrode, as has been explained, is 
always that which leads from the negative plate of 
the battery. It is the conductor which leads the 
current into the depositing vessel. The negative 
electrode is connected to the positive plate of the 
battery, and leads the current from the depositing 
vessel after it has (it may be said) done its duty 
there. These conductors should always be of stout 
copper wire or of strap copper, and should ordina- 
rily be insulated, or covered with some non-con- 
ducting material, as gfutta-percha or tarred twine. 

When the electrodes are metallically touched 
together, the circuit is complete through them, and 
it will be found that a magnetised and freely hung 
parallel needle, brought near to the wire, will im- 
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mediately tend to place itself across the wire. This 
is Oersted's celebrated discovery. 

The wire is indeed endowed with marvellous 
properties ; wound around a piece of iron, it causes 
it to instantly become powerfully magnetic — this is 
eleclrth-magnetism \ it ceases and begins with the 
current. 

When the current exerts no effect upon outside 
bodies, the wire and battery are heated by its 
energy : the energy of the current must, in short, 
be expended upon something — ^heating the circuit, 
creating magnetism, deflecting needles, decom- 
posing electrolytes. Just in proportion to the 
amount of effect the current exerts outside the 
battery does the latter become less and less heated. 
The battery is simply abortion of the circuity and 
should always be considered in that light. 

The Anode. — ^The anode, as has been before ex- 
plained, is the positive pole or plate by which 
tne current enters the solution to be decomposed 
by it. The anode employed in electro-typing is 
always of copper ; it is a plate of copper, about as 
large as the electrotype to be formed. It has two 
chief functions : it leads the current into the solu- 
tion, and it also dissolves^ to make up for the abstract 
tion of copper to form the electrotype or deposit. 
It may thus be simply said that the anode both 
serves as the positive pole and keeps the solution 
in-working condition. 

The Electrolyte. — ^This is the solution from which 
the electrot3rpe is deposited. It must be composed 
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of at least one conductor and one non-conductor; 
two non-conductors or two conductors together, as 
an electrolyte, will not be decomposed by the cur- 
rent ; in our case it is a solution of cupric sulphate, 
acidulated with a little sulphuric acid. It is con- 
tained by a vessel or vat, called the depositing wat. 
When the. copper is set free from this solution, and 
made to adhere to the cathode, it is said to be 
deposited. The deposit is thus the electrotype. 

When a current of electricity is made to pass 
through the electrolyte, the real work done is as 
follows : — ^The components of the electrolyte are 
resolved into two distinct groups — electro-negative 
elements (such as acids and metalloids), which 
move towards the anode; and electro-positive 
elements (such as metals and alkalies), which move 
towards the negative plate. In plainer words, the 
sulphuric acid of the sulphate of copper moves 
towards, and combines with, the anode, dissolving 
it and forming fresh sulphate of copper ;~ the copper 
thus set free appears at the negative plate or 
cathode, and adheres to it. 

Strictly speaking, the atoms mentioned cannot 
be said to move towards the plates ; the real action 
consists of a series of interchanges^ forming a molecu-- 
lar chain from one plate to the other, and the force 
necessary to set all the molecules composing the 
chain in motion forms the resistance of the electro- 
lyte — thus the longer the chain the greater the resist- 
ance. The ultimate liberation of the components 
does not take place in the body of the solution, but 
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at the surfaces of the plates. The whole action is 
(electrically) but another phase of the well-known 
and oft-repeated law that positive repels positive, 
but attracts negative; and negative repels negative, 
but attracts positive. If, after the cathode has 
received a deposit of copper, and the anode is 
proportionately dissolved, we reverse the direction 
of the current through the solution, the whole action 
is repeated at reverse ends of the vessel. Thus 
the cathode now acts as an anode, and the anode 
as a cathode ; the residt is that the cathode loses 
its deposit, while the anode regains it. This has 
reference to a reversal of current, which is apt to 
take place, and which is discus3ed further on. 

Several distinct phases of current work in the 
electrolyte are discussed under the separate heads 
succeeding the following paragraph : — 

The Cathode. — ^This is the plate which receives 
the deposit in the solution, or at which the electro- 
positive components appear. The cathode in 
-electro-typing practice is the mould upon which 
the copper is deposited. It must always be re- 
membered that the cathode is connected to the 
negative pole (zinc plat^ of the battery. As the 
mould to be deposited upon is usually of some non- 
conducting substance, such as wax or g^tta-percha, 
it must receive a conducting surf ace. The substances 
best adapted to this purpose are plumbago and 
nitrate of silver. Plumbago of the first quality is a 
good conductor of the current ; it is reduced to an 
impalpable powder, and carefully brushed upon 

c 
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the mould until the surface presents a uniformly 
coated appearance, when all excess of the powder 
is blown away : an apparatus known as the black- 
leading machine is used for this purpose. , The 
niould, when its lines are very delicate, is usually 
coated with precipitated silver, which forms an ex- 
cellent conductor. The connection to the mould is 
either obtained by bedding a wire in it direct, or 
the mould is made in a metallic frame, to which 
the wire is connected. 

Minor Effects of the Current on the Electrolyte. — 
The solution is always raised in temperature by 
the current, according to the resistance oflFered by 
the conducting component. The chemical action, 
apart from the power of the current, consists chiefly 
in the formation, of cupric sulphate by reason of 
the sulphuric acid being liberated directly at th^ 
surface of the copper anode. Neither of the gases, 
oxygen or hydrogen, is set free under ordinary 
conditions. If gas should appear arising from the 
plates, it is an indication that the current is too 
45trong. 

The depositing vessel offers a counter force to 
the current ; it acts, in fact, as a kind of condenser 
of force, which may be simply proved by including 
a galvanometer in the circuit and suddenly with- 
drawing the battery, either by cutting it out of 
circuit by means of a loop wire, or by opening the 
circuit and reclosing it, leaving out the battery. 
A counter rush of current will mark the truth 
above enunciated. If this counter strain, which is 
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constant, and depends upon the materials in the 
cell, be greater than the electfo-motive force of 
the battery, no work will be done in the depositing 
vessel. This counter force may be due to two 
causes : it may be partly caused by the condensing 
action of the molecules, or by a phenomenon 
generally called polarization^ which may be ob- 
served as follows : — ^An amalgamated zinc plate, 
and a smooth, clean, copper plate, when plunged 
in acidulated water and connected together, form 
a single voltaic cell, and it will be observed thaf 
the hydrogen gas given off by the copper plate 
exhibits a tendency to cling to it ; before the plate 
is quite ** polarized," or covered with a film of 
gas, the cell has practically ceased to act ; this is 
due to the counter force offered by the electrified 
hydrogen. The phenomenon of polarization is 
often erroneously supposed to be due to the plate 
itself p 

Polarization^ however, is much more troublesome 
in the battery than in the depositing celL When 
the copper plate of a battery cell is covered with 
a granular coating of copper the gas is allowed 
to escape with greater effect, and the cell gives a 
more regular current. In Smee's battery, silver 
plates, coated with a granular layer of platinum, 
are employed with very good results. 

Among the minor effects of the current or chemi- 
cal action in the solution may be noted the pecu- 
liar movements which are observed to take place 
in the liquid. When the current is passing through 
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the solution, that portion of the liquid in immediate 
contact with the anode becomes heavier than the 
surrounding liquid, by reason of the continual 
addition to it of fresh cupric sulphate off the 
anode. The result is that it sinks, and produces 
in time a heavier stratum of liquid at the bottom 
of the cell. But the liquid around the cathode 
becomes, for the reverse reason, light, and rises to 
the surface, so that the result is a continual redistri- 
bution of the electrolyte. It is for this reason, also, 
that the solution is seldom stirred, or needs to be 
remixed. 

Decomposition of Different Solutions. — Electrolytes 
are decomposed and their metals set free in the 
proportion of their atomic weights, or multiples of 
these weights ; or, in other words, those substances 
which are set free with the least expenditure of 
energy are most - easily decomposed, and are 
always decomposed first when in company with 
others of a different nature. 

This law can be worked out for all the metals by 
ascertaining their atomic weight, and dividing 
that by the corresponding valency, which will give 
the electric equivalent required, thus : — 

or, for copper, we may take the same formulai 



or, for silver, 



-,-=3175; 



i^ = 108. 
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' HencJe, a current that will deposit one electric 
equivalent of copper (31*75 parts) will in the same 
time set free one equivalent (197) of gold and one 
of silver (io8). We can, therefore, give to each 
element its value electrically, and find by the above 
process its relation to other elements. 

As iron is employed in electro-typing, it may be 
of use to give its electric equivalent here, 28*, 
which shows that a given weight of iron is not so 
quickly obtained with a given current as a given 
weight of copper. This teaches that the law of 
definite electro-chemical action is based upon the 
electric equivalent, and space need not be occupied 
in giving lists of figures, which can be readily 
worked out. 

Relation of Current to Work, — ^When a solution 
of cupric sulphate is subjected to the action of a 
current, the metal is reduced upon the cathode, 
but not always as a tough and malleable coating. 
A piece of bright steel dipped into the solution 
will receive a red coat of copper, but a piece of 
zinc will cause the metal to be precipitated as a 
black powder. These actions, first discussed by 
Alfred Smee, F.R.S., are very instructive, because 
the same effects can be produced by means of a 
current derived from a battery. 

When a weak current of electricity is passed 
through the depositing solution, we obtain a coat- 
ing of copper upon the cathode, but it proves to 
be of a highly crystalline and brittle nature, and, 
therefore, useless. When a strong current is so 
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passed, the metal is deposited in a state ol black 
granules, loose, and lacking both adherence and 
cohesion. When a medium current is tried, the 
metal is deposited in the tough malleable (some- 
times termed "reguline") state required. The 
weak current may be represented by a small and 
feeble cell, the strong current by a large battery, 
and the medium current by a pair of ordinary cells. 
But the range within which good metal can be* 
obtained is considerable. 

The same effects can also be obtained with a 
given current in different solutions. Thus, if we 
employ a saturated solution, the copper will be 
crystalline. If we dilute the solution with from 
two to four times its bulk of water, the metal is 
deposited in the malleable state, and if we dilute 
still further, we obtain granular deposits of copper. 

From these facts the conclusion that the deposit 
depends for its quality both upon the solution 
and upon the current must be drawn and remem- 
bered. 

With a weak solution and strong current a black 
deposit will be given when hydrogen appears at 
the negative plate (cathode). Crystalline deposits 
are obtained when the current is weak and the 
solution strong. 

The best working condition is that which ex- 
hibits a strong tendency to produce gas at the 
cathode in a strong solution. The anode and 
cathode should have equal surfaces. . 

Effects of Large and Small Electrodes. — ^Taking a 
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given current of suitable electro-motive force (call 
it, according to the unit, 2 webers per second], we 
can deposit, say, 40 grains of copper per hour. 
Now this is the law to which we must attach most 
importance. This weight of copper will be 
deposited irrespective of the size of the cathode. On 
a wire it would form a thick coating, but we should 
obtain the required 40 grains per hour. On a plate 
it might be a coating thinner than tissue-paper, 
but 40 grains per hour would be given. Very little 
more need be said upon this point, but it is a law 
tvhich would appear to give much trouble to electro- 
depositors to thoroughly apprehend, and is nowhere 
clearly explained in the earlier treatises on electro* 
metallurgy. 

When the anode is made too small, the resistance 
of the bath (solution) is thereby increased, and an 
insufficiency of copper is dissolved oflF. When it is 
made too large the resistance is diminished, but 
too much copper is dissolved off. Therefore, except 
in cases where there is an excess of cupric sulphate 
in solution, or a deficiency, the anode should not 
be smaller or larger than the cathode. 

Resistance of the Solution. — ^A saturated solution 
of cupric sulphate offers great resistance to the 
current; area for area, it is as 16,855,520 compared 
with I for pure copper — thus a cylindrical body of the 
solution I inch in diameter and i foot long would 
offer the above enormous resistance, if a similar 
body of pure copper offered a resistance of i. The 
addition of a little sulphuric acid increases the 
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conductivity of the solution, as does also an increase 
of temperature. The great area of the solution pro- 
vided in the vat, however, compensates for its low 
specific conductivity, by affording a vast number of 
paths throughout which the current may divide its 
passage. A resistance of from i to 5 ohms (p. 8) 
is usually offered by the space between the plates 
(anode and cathode). When the plates are large 
they may be separated to a greater distance than 
when they are small, because the area of liquid 
covered is greater in the first case. 

When the current is too strong, and gfives a black 
deposit, it will yield good malleable metal if th0 
anode and cathode are taken further apart, because! 
the resistance between them will be augmented* 
and will absorb the excess of current, but this method 
of working is wasteful; it is much more economical^ 
to diminish the expenditure of zinc in the battery, 
and so reduce the current at its source, as explained 
under The Depositing Process^ p. 190. When the 
current is too weak, and yields a crystalline, pale 
deposit, it may be strengthened by placing the 
plates nearer to each other. For perfectly flat 
plates, up to 6 inches square, the distance between 
anode and cathode should never be less than z 
inches. 

Simple Immersion Deposit. — When iron, steel, 
tin, lead, and type-metal are simply dipped into 
a solution of cupric sulphate they receive a coating 
of copper ; a simple voltaic tendency is, in fact, set 
up by the partial decomposition of the liquid, and 
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a thin coating of the metal, sufficient only to per- 
fectly cover the surface, is deposited. Thus simple 
immersion deposits are almost always exceedingly 
thin. Metals that coat themselves by decomposing 
the sulphate of copper solution cannot be coated by 
a battery current in that solution ; therefore an 
alkaline mixture, such as copper dissolved in 
cyanide of potassium, in which these metals will, 
not coat themselves, is employed. 

Single Cell Depositing Apparatus. — ^This was the. 
apparatus first employed in the deposition of elec- 
trotypes, and it is even yet in use for small work, 
although greatly inferior to the separate current 
process. It consists simply of an outer vessel 
of stoneware or glass if small, and of wood coated 
within with gutta-percha if large. A convenient 
size for experiments is a cylindrical vessel contain- 
ing about two quarts. An inner vessel, of porous 
earthenware, is also employed ; it should be about 
ialf the diameter of the outer cell, and a little 
higher. These porous earthenware vessels serve 
the purpose of diaphragms for separating two 
liquids, but allowing the current to pass ; they used 
to be made of various materials, including wood : 
a brown-paper cell maybe employed for temporary 
work. Full information concerning these cells is 
given in Chapter III. To complete the apparatus, 
a rod or plate of zinc, amalgamated (p. 57), is pro- 
vided, with a wire cast into its upper extremity. 
This zinc rod is placed in the porous cell, in water 
slightly acidulated with sulphuric acid. The outer 
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vessel is nearly 611ed with a solution of crystals of 
sulphate of copper (the sulphate may be dissolved 
in warm water), Fig. 2. 

If the end of the wire attached to the zinc is 
dipped into the solution, the action immediately 
commences, and copper begins to be deposited upon 
its extremity. In a short time a knob of pure 
copper will be found attached to the wire. If the 
copper appear dark, the current may be assumed 
to be too strong, and the zinc may be raised a 
little, or the wire's extremity may 
be placed further away from the 
porous celL If the copper deposit 
appear pale and crystalline, the 
wire should be brought nearer to 
the cell, or the current should be 
strengthened by adding a few more 
drops of acid to the contents of 
the porous compartment But the 
copper may be deposited upon a 
flat plate, a ball, or upon any con.' 
ceivable shape of cathode. A deposit thrown upon 
a medal or coin will, when chipped o^ exhibit the 
marvellous accuracy of the electrotype- 

A copy of a coin or medal taken on gutta-percha 
or wax, while warm, and well blackleaded, can be 
connected to the wire by heating the latter and 
pressing its extremity into the mould at the back ; 
the blacklead must, of course, conduct up to and 
Upon a portion of the wire, otherwise the circuit 
win prove incomplete. The copper will be thrown 
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Upon this mouldy commencing at the extremity of 
the wire, and gradually spreading over the face of 
the mould. In a day or two the copper will be 
thick enough to stand being withdrawn, after 
gentle heating. It will be found to be in every 
respect an accurate copy of the original as far as 
the moulding extends. 

But these processes are fully described in Chap- 
ters VI., VII., and VIII. ; they are mentioned here 
to furnish a definite idea of the method by which 
an electrotype can be produced, and not to give 
practical instruction in the art. The whole arrange- 
ment employed to illustrate the single-cell method 
forms a galvanic pair, the zinc, as usual, being the 
positive element, and the mould the negative. The 
current arising from the surface of the zinc forces 
its way through the porous division, decomposes 
the copper solution, and sets the metal free upon 
the wire and mould. 

Methods of Making the Solution. — ^The ordinary 
electrotype solution for the single -cell process 
consists simply of cupric sulphate crystals (p» 31) 
dissolved to saturation (until the liquid ceases to 
dissolve) in warm or cold water. It should be kept 
in this saturated condition, as the copper is 
abstracted, by adding crystals. 

The solution for separate current methods consists 
of a saturated mixture as above, with one-fifth of 
water, acidulated with one-tenth its weight of sul- 
phuric acid added. 

These solutions may be made by passing a cur« 
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rent from a copper anode to a copper cathode 
through a mixture of sulphuric acid and water. 
This is known as the battery process ; it is more 
expensive than the ordinary method, and has no 
compensating advantages. 

Separate Current Process. — ^This is the method 
alluded to throughout the foregoing instructions. 
It consists in the employment of a voltaic cell or 
battery, a thermo-electric pile or dynamo-electric 
machine as the source of electricity. The vessel in 
which the deposit is obtained is usually a vat, 
properly prepared, and fitted with metallic rods 
and screws for hanging the anode and cathode, 
besides securing the ends of the wires from the 
battery or other source of current. The mould, 
being properly faced and connected, is slung upon 
the negative rod or pole of the battery (connected 
to the zinc plate). The anode, a plate of copper, 
is connected with the positive pole; both hang 
beneath the surface of the solution at such a 
distance apart as may suit the strength of current 
passing. The copper is deposited, at first slowly, 
around the connection, from which it creeps all 
round the edges and over the entire surface of the 
cathode. 

This is the process as applicable to flat plates 
only. When the objects (cathodes) are round, or 
when they must be deposited upon from the interior 
of a mould, different arrangements are adopted, but 
the actual process is the same. The details are 
sometimes complicated to the extent of employing 
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twelve or more anodes, and numerous ^'leading- 
wires/' as the cathode wires are termed. These 
details, upon which so much depends, should be 
separately studied imder the different heads in the 
following chapters. 

Compound Vessel Process. — This process of de- 
positing the copper consists in the use of a long 
trough depositing cell, divided into a number of 
distinct and separate compartments. Each com- 
partment contains a copper anode. The object is 
to obtain a number of separate electrotypes at one 
operation ; with a view to this, each compartment 
also contains a mould to be copied. One battery 
or cell is employed to work the whole arrange- 
ment, the conducting connections being as fol- 
lows : — ^The positive pole of the electric source is 
attached to the first anode ; the same compart- 
ment contains a mould or cathode, which is con- 
nected to the succeeding anode; in this way the 
second cathode is connected to the anode in the 
next cell, and so on to the end of the series, when 
the remaining mould is connected with the negative 
pole of the battery. 

This arrangement cannot be said to possess any 
noteworthy points of advantage. The original idea 
attaching to it w£is that, by the expenditure of one 
equivalent of zinc and acid in the battery, one 
equivalent of copper would be secured at each 
cathode throughout the compound depositing cell, 
but the mere fact that the resistance increases in 
direct ratio with the number of cathodes exposes 
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the absurdity of this expectation. And, moreover, 
the equivalent of copper would be deposited not in 
whole at each cathode, but would be distributed 
equally between them^ Hence, a number of electro- 
types, to be done at one operation, should be slung 
upon a common rod, and exposed in the solution 
before a large anode. The current will thus be 
more evenly distributed between them, and the 
resistance will prove much smaller. 

The Galvanometer. — The construction and use of 
the galvanometer are described at p. 92. This 
instrument, although not at first much used by 
electrotypers, should be perfectly understood by 
them and constantly at hand. Its function is to 
detect a current and measure its strength. Rule-of* 
thumb work, in which no galvanometer or other 
instrument is ever employed to inform the operator 
as to the magnitude of his currents or resistances, 
is surely contemptible enough in the face of the 
fact that a fraction of the skill and intelligence 
displayed by its votaries would make them masters 
of both principles and galvanometers. 



CHAPTER IL 

Metals used by the Electrotyper. 

The two chief metals employed in the practice of 
electro-typing are copper and iron ; the former is 
universally used for the body of the electrotype, 
and the latter is superficially deposited upon th^ 
better class of printing surfaces produced by 
electro -deposition, with the effect of rendering 
them more durable. (See p. 2.) 

Copper. — ^Pure copper possesses a beautiful red 
colour ; it is moderately hard, but tough and mailer 
able. Symbolically it is represented in chemical 
formulae by Cu ; electrical equivalent, 3175; 
atomic weight, 63*5 ; specific gravity, S'Q, Copper 
is, next to silver, the best known conductor of 
electricity; Dn Matthiessen g^ves its conductive 
power as 99*9, as compared with 100 for silver. 
This metal is, therefore, admirably adapted for the 
purpose of making electrodes, and also for hooks 
and rods, which, with screws, form the fittings of 
an electro-typing vat. 

Salts of Copper. — ^The ordinary salts of copper 
are the sulphate, commonly called blue vitriol; 
th^ nitrate ; the chloride ; the suboxide ; the proi? 
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toxide, acetate, and cyanide. The sulphate is the 
compound of copper most extensively used. It 
may be made by heating chips of copper in sul- 
phuric acid until the compound is nearly dry, 
washing the product in boiling water, and evapo- 
rating and crystallizing the solution so obtained 
after filtration. But it is usually more economical 
to purchase the salt. Its price varies from five- 
pence to sixpence per pound. When the salt is 
pure it presents the appearance of large crystals 
of a deep blue colour. An admixture of green 
indicates the presence of iron, which must be 
avoided with much care. The following test will 
render the presence of even minute quantities of 
iron manifest : — ^Dissolve a sample of the salt in 
distilled water, and add ammonia with stirring 
until the blue precipitate obtained is redissolved. 
Allow it to stand some time, and pour o£f the 
clear portion of the liquid. Pour a large quantity 
of distilled water on the residue, and allow it again 
to settle. If iron be present, it will appear as a 
reddish powder in the lower part of the liquid. 
From the sulphate some of the other salts of copper 
may be prepared. 

Nitrate of copper may be conveniently made by 
dissolving copper, in chips, in nitric acid, and 
evaporating and crystallizing the solution. 

Chloride of copper may be made by dissolving 
the metal in aqua regia (a mixture of one volume 
of nitric acid in two and a half of hydrochloric 
acid), and treating the solution as before. 
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Acetate of copper is known in commerce as 
crystallized verdigris, and is so Cheap that it seldom 
pays to make it at home. 

Cyanide of copper is a salt of considerable im- 
portance to the electro-depositor ; it may be 
made as follows : — ^To a solution of copper sul- 
phate add, with agitation, a solution of cyanide ot 
potassium imtil a precipitate ceases to fall. The 
operation must not be carried beyond this stage, 
otherwise the precipitate will be redissolved. 
Allow the precipitate to settle and pour off the 
liquid portion ; wash the precipitate once or twice 
and filter. The resulting salt has a pale green 
aspect, and is highly poisonous ; the operation is 
also somewhat dangerous unless conducted in free 
air or in a draught-chamber : both solutions should 
be cold. 

Electrolytic relations of Copper, — In a saturated 
solution of ammonia copper is electro-positive to 
iron, and the tendency is powerfully augmented 
if a solution of sulphide of ammonium be substi- 
tuted for the simpler liquid. In a solution of oxide 
of copper in liquid ammonia, or in a saturated 
solution of ferrocyanide of potassium, it is posi- 
tive to iron, but only for a short time — it then 
becomes negative; In a saturated solution of bi- 
chromate of potassium, or a strong aqueous one of 
sulphide of potassium, it is increasingly positive up 
to the point of boiling. This last liquid has a 
similar effect on brass (Gore). 

Electrolysis of. Copper Salts. — ^It is found that a 

D 



34 ELECTRO-TYWKG. 

solution of chloride of copper is not so readily de- 
composed by the electric current as one of the 
nitrate, but more readily than the sulphate; 
chloride of copper is, moreover, one of the most 
difficult liquids to deposit copper from, and the 
metal is apt to assume a spongy form. The same 
fault applies to the acetate and hyposulphite, and 
they all need a strong current to effect their decom^ 
position. 

Immerstan Deposihan of Copper. — ^Iron, lead, tin 
and zinc become very slightly corroded in a solu- 
tion of sulphate of copper, and consequently receive 
a thin coating of the metal; but antimony, bis- 
muth, copper, nickel, silver, platinum and gold are 
not acted upon and receive no deposit. The 
reverse holds true on passing a current, for then 
the first class of metals cannot receive an adhesive 
deposit, while the second class receive an adhesive 
deposit of any desired thickness. 

The slight coating of copper secured by iron 
and steel upon simple immersion in a solution of 
copper sulphate has veiy wide practical applica- 
tions. An appearance of copper is thus imparted 
to vast quantities of iron and steel goods, while in 
other instances the initial coating serves as a good 
base upon which gold or silver may be deposited 
to any required thickness by the separate current 
process. A solution suited to the coating of cleansed 
steel and • iron articles may be made by mixing 
three quarts of water with one of hydrochloric acid 
and one ounce of solution of copper sulphate. The 
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objects should be immersed and removed and 
washed several times during the operation. 

The Singh Cell Process. — ^As explained at p. 25, 
copper may be deposited upon any suitable sur- 
face by the single cell process. A saturated 
solution of sulphate of copper is well suited for 
use in such combinations, and the copper yielded, 
under favourable conditions, is always of very fine 
quality and texture. The sulphate solution may 
be employed to deposit copper upon any of the 
metals that do not decompose it. 

Quality of Deposiled C^^^r.— -Deposited copper is 
not necessarily pure; zinc is very often thrown 
down with it, and other metals, according to the 
current passing. From a solution of the pure salts> 
however, copper may, especially by the single cell 
method, be obtained absolutely pure. 

When the current is too strong, the copper has a 
tendency to be porous and rotten, or to be de- 
posited in the form of coarse grains. When the 
current is too feeble, a crystalline deposit is ob- 
tained, which is both hard and brittle. Tough mal- 
leable copper, in the ** reguline *' state, is obtained 
when the current and resistances are prdt)erly 
balanced. Electro-deposited copper, when pre- 
cipitated under favourable conditions, is superior 
in ductility and strength to the purest rolled 
samples. 

Iron. — Chemical symbol Fe; atomic weight, 56; 
electrical equivalent, 28 ; specific gravity, 7*8. Iron, 
as employed by the electrotyper in the process of 
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** Steel facing," is generally derived from the salts 
of the metal. Iron is usually very impure, and 
needs careful working to obtain the clean deposits 
required. 

Salts of Iron, — ^The common salts are the proto- 
sulphate, commonly called green copperas ; per- 
oxide (jeweller's rouge), protochloride, carbonate, 
and perchloride. The protosulphate is so cheap as 
to render its preparation at home unnecessary ; but 
it is made by heating fine iron wire in diluted sul- 
phuric acid until the solution is saturated, and then 
evaporating. The operation should be conducted 
as much from the influence of the air as possible. 
The residue is a green crystalline salt, freely soluble 
in water. By employing hydrochloric acid instead 
of sulphuric, the protochloride of iron is secured ; 
it is similar in appearance to the protosulphate, and 
is also freely soluble in water. Perchloride of iron 
is made by adding nitric acid to a solution of the 
protochloride and evaporating to crystallizing 
point ; this is a reddish salt 

All the salts of iron are liable to change, and 
most of them, as the protosalts in solution, absorb 
oxygen from the air. 

Electrolysis of Iron Solution. — Iron may be de- 
posited from many of its salts, but the proto- 
chloride and protosulphate are most in favour for 
purposes of " steel facing." It may be deposited 
by simple immersion, but this process has had 
no extended application. A separate current is 
always employed. All iron solutions should be 
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protected as much as possible from the influence 
of the air. 

Brass. — ^This is an alloy of copper and zinc, and 
as it is only used in imparting a hard facing to 
some kinds of electrot3rpes, it need not be spoken 
of at length here. It may be remarked, however, 
that zinc and copper together always require a 
strong current to deposit them as an alloy. If a 
weak current be employed, the copper will i)e 
deposited and not the zinc, but if the current be 
sufficiently strong, both metals appear in combina- 
tion at the cathode. 

NtckeL — ^This is a hard and brittle metal. It is 
generally obtained in commerce in the form of 
grains. Its electrical equivalent is 29*5 ; it always 
needs the expenditure of a good deal of battery 
power to set it free. Nickel has not yet been suc- 
cessfully rolled, so that anode plates are usually 
made in the form of cast slabs; an anode of 
platinum foil may, however, be used in setting free 
small quantities from a solution, as described in 
Chapter IX. 

Zinc. — ^This metal is chiefly employed in voltaic 
batteries; its nature is therefore described in 
Chapter III. 

Backing Metal. — ^This is used as a " backing " 
for electrot3rpe shells when they are not sufficiently 
rigid to serve their intended purpose. It is usually 
made by melting together : lead one pound, tin one 
ounce, antimony one ounce. The lead is melted 
first and the other metals added* It is usually best 
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to thoroughly mix them by granulating, which is 
most readily accomplished by slowly pouring the 
melted mass dirough a wire net into a bucket of 
water. The g^rains are collected and may be again 
melted and divided to insure perfect mixture. 
This metal, with more or less tin and antimony, 
may be purchased ready for use. 

" Tinning Metal** — ^This is also known as solder, 
and is very useful to the electrotyper in joining 
shells, as well as preparing their backs for the 
reception of backing metal. It may be made by 
melting together equal weights of tin and lead and 
granulating once or twice as directed above. It is 
usually considered best to preserve the tinning 
metal in the form of grains in a suitable vessel, 
free from dust. 

Other and less important metals are employed 
by the electrotjrper, but they will be found spoken 
of imder the different sections in connection with 
which they are used* 



CHAPTER HI. 
The Source of Electricity. 

The current-electricity necessary for the practice 
of electro-typing is usually derived from one of the 
following three sources^ — 

1. Galvanic BatterieSy as yet the cheapest and 
most convenient source of electricity applicable to 
operations of moderate extent. 

2. Thermo-Electrtc BatterieSy in which current is 
due to heat usually derived from gas, charcoal, or 
coke. 

3. DynanuhElectric Machines^ generally driven 
by steam-power, the economical and efficient action 
of which has brought them into use in most of the 
important electro-typing establishments. 

This section of the art of electro-tjrping will, 
therefore, be treated under the above three heads, 
each separately and distinct from the other two. 
Each source of electricity has its advantages, a 
brief summary of which will be found at the end 
of each section. 

Galvanic Batteries.— The main principles of 
the galvanic cell with which it is necessary that 
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the electrotyper should be familiar, are discussed 
in the first chapter of this volume (p. lo ^/ seq.). 

Simplest Type of Cell. — ^A pair of plates, zinc and 
copper, immersed separately in one vessel of acidu- 
lated water, form a cell of the zinc-copper descrip- 
tion. These plates may be of any size, fix>m one 
square inch to several feet, but a convenient size of 
this cell should contain about one gallon of liquid, 
with plates 8 by 4 inches. When the wires from 
such a cell as this are joined to a galvanometer, a 
powerful rush of current is indicated; which, how- 
ever, soon begins to fail in strengfth. 

The zinc-copper cell may, nevertheless, be ar- 
ranged to give a very useful and cheap current for 
electro-typing purposes by following the author's 
plan of depositing a granular coating of copper 
upon the copper plate by the usual electrotype 
process. The action of the rough surface is similar 
to that of the platinum on silver employed in 
Smee's battery (p. 43)» 

It is much better, however, to arrange the cell on 
the principle of construction employed by Smee, 
that is, two amalgamated zinc plates (p. 57) should 
be employed, clamped to a dry wooden bar, with a 
plate of rough-surfaced copper between, but not 
touching, them. 

Or the cell may be arranged on the principle of 
the Wollaston battery, which has been so exten- 
sively used in electro-plating and typing. In this 
type of construction one large copper plate is 
employed, bent into a U shape, the ends of which 
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are clamped to a bar of varnished wood crossing 
the top of the vessel in which the liquid is kept. 
Through the wooden bar slides a plate of amal- 
gamated zinc hung in position by a cord and 
counterweight passed over a pulley. The advantage 
of this construction lies in the facility with which 
the zinc may be withdrawn from the liquid when 
the cell is not in actioni and the obvious convenience 
of being able to regulate the amount of current by 
immersing more or less of the zinc plate at will. 
The copper plate may be made in two halves and 
connected together at the top, which is the better 
way of the two, as it permits of more free circula* 
tion of the exciting liquid. The distance between 
the plates may be from one-half to two inches, 
according to their size. The most suitable exciting 
liquid is usually considered to be one part of sul- 
phuric acid to ten of water. 

When the battery is thrown out of action for 
some time the copper plates should be removed, 
as they are liable to suffer corrosion, and, con- 
sequently, liberate small quantities of sulphate 
of copper, which act upon the zinc and set up 
local action and consequent waste. When in use 
the copper should be kept clean, and this is gene- 
rally most easily accomplished by renewing the 
rough copper coating referred to above* 

The Carbon Plate. — ^An excellent and cheap cell 
may be constructed upon the above model by 
substituting carbon for copper. The variety of 
carbon employed in galvanic batteries is that 
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known as graphite, or gas carbon. It is not coke; 
it forms as a scale upon the interior surfaces of the 
gas retort in the process of evolving gas from the 
richer coals. In the bulk, as chipped from the 
retorts at gas works, it is extremely cheap. It 
should be of a clear grey colour, very hard, and as 
reg^ar and close in texture as possible. Plates 
of this battery carbon will last for any number of 
years, but they are difficult to cut from the most 
suitable quality of the substance. 

These carbon plates are, however, easily pro* 
curable at reasonable rates, and may with every 
advantage be employed as a substitute for the more 
wasteful copper in the copper-zinc battery. Their 
good points may be summed up as follows : small 
first cost, high conductivity (when of moderate 
thickness), highly granular everlasting surface, and 
fitness for remaining constantly in the liquid when 
the battery is out of action. 

In order to provide a good electrical connection 
with those plates, they should be provided with a 
cap of copper, electro-deposited, at the upper end. 
This may be done in the single cell (p. 25) by 
tying the zinc wire to the carbon, and allowing an 
inch of its end to dip into the solution of cupric 
sulphate. In an hour or two a coating of copper 
will be secured, when the end must be dipped in 
boiling water to remove all traces of the copper 
salts ; it should then be provided with a terminal 
screw (p. 56 j by soldering, and the cap well pro-* 
tected by a coat or two of black yarnish applied 
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while the carbon is hot. Fitted in this way these 
plates, in conjunction with amalgamated zinc 
plates, form a really good cell, which may be 
worked with a variety of excitants or by dilute 
acid simply. (See " Carbon-Zinc Cells," p. 52.) 

Two large carbon plates, with one zinc between 
them, as in WoUaston's cell, constitute a useful 
cell; but the construction may be extended, and 
several zinc plates between carbons may be 
arranged between a pair of long varnished wood 
bars extexKling over the top of the containing 
vessel. The force is increased by platinising the 
plates. 

Size of Plates in Baiieries.^^This must be regu- 
lated by the extent of the work to be done. A 
good general rule to follow is to have the battery 
plates a little larger than the work to be deposited 
upon. Of coiirse the number of plates when they are 
all joined together to form substantially one cell, will 
materially affect the size of each plate^ as it is the 
surface exposed in each cell that ought to be con- 
sidered and made equal to the surface to* be 
deposited upon. The number of cells will have 
reference, of course, to the electro-motive force, 
which must be regulated to the resistance of the 
circuit (p. 13), and is entirely independent of the 
size of each cell. 

Platinised Silver Plates. — ^What Smee really 
effected in his battery was to provide, in silver, a 
highly electro-negative element, coated with a 
rough layer of platinum, admirably suited to the 
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dislodgmmi of hydrogen, which clings to a smooth 
surface and practically puts a stop to the action of 
the battery. 

Smee's battery (Fig. 3) is thus composed of a 
simple pair of zinc plates (amalgamated) having 
between them a thin sheet of the platinised silver. 
It is a type of cell which has been more extensively 
used than any other in the art of electro-typing. 
Its first cost is rather great, 
but the most expensive item, 
the silver plate, will last for 
about fifteen years if care be 
taken, and the platinising be 
periodically carried out. 

It is false economy to pro- 
cure the silver plate very thin ; 
it should have a thickness at 
least equal to an ordinary 
"visiting card." Its cost, of 
course, depends upon its 
weight, but it may be procured 
ready rolled at about the 
market price of silver. A very useful size for ordi- 
nary electrotypers' work is 12 by 8 inches, which, 
if of a good stout sheet, will cost something about 
£%, This price, although high, will of course be 
in great part recovered when the plate is unfit for 
work and sold for old silver. 

To platinise the silver plate an arrangement 
exactly similar to the single cell depositing vessel 
(p. 25) should be provided, and it is advisable to 
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employ a vessel large enough for the outside cell 
to allow of the silver plate being immersed in it 
without being bent. 

The porous vessel may be of the round form, but 
when the plate to be coated is large this is a dis- 
advantage, inasmuch as the action must neces- 
sarily proceed with greatest rapidity in the imme- 
diate vicinity of the round porous cell. For this 
reason it is better to employ a flat cell, but failing 
this, two porous vessels may be brought into requi- 
sition, with zincs connected together, to distribute 
the rate of deposition evenly over the surface of 
the silver plate. Of course a separate cell may be 
used to give the current, and the plate may thus be 
platinised in an ordinary depositing vessel, employ- 
ing an anode of platinum foil. According to the 
single-cell method, which is more generally applic- 
able, the porous vessel should be nearly filled with 
acidulated water (i to 10), and a rod or plate of 
zinc suspended in it. A wire should lead from this 
to the silver plate, which, with the porous vessel, 

r 

should be placed in the outer cell containing 
acidulated water (weak), in which saturated solu- 
tion of bichloride of platinum should be present 
( I. part solution to 30 water). In a few minutes 
the deposition will be observed to darken the plate, 
and while it proceeds the mixture should be gently 
agitated with a glass rod. When the plate appears 
dark brown or nearly black it may be removed, or, 
perhaps, a better guide is to allow the plate to 
remain from seven to eight minutes in the solution. 
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Silver plates, previous to being platinised, should, 
be washed in caustic soda solution or cleaned off 
with glass paper. After the completion of the 
process the plate should be dried and carefully 
handled while being placed in the battery frame. 

In order to protect the silver plate from injury, 
and give it some firmness, it is usual to moimt it in 
a frame of wood, but this is a bad, dirty, and trouble- 
some method. The plate should be stiffened by 
four clamping-pieces of sheet-lead, bent double, 
and hammered down so as to grasp its edges firmly. 
This is quickly done and will outlast the plate, 
while wood is a constant source of trouble. These 
edges should be warmed, and a coat or two of 
pitch varnish, or ordinary good japan, applied to 
them. 

The usual and most convenient construction of 
a Smee cell is somewhat similar to that of the 
x:opper-zinc description already spoken of. Taking 
a single pair only of the Smee type as an example, 
the silver plate is made fast in a groove cut in the 
bar of wood forming the support across the excit- 
ing vessel. The wood should be of some hard 
description, but good mahogany, baked dry and well 
varnished, answers perfectly. The full width of 
the wood bar may be one inch, or rather more for 
large cells. The zinc plates may be slightly longer 
and wider than the silver element to afford some 
protection to it in case of accidents. They should 
be well amalgamated, and selected in accordance 
with the hints given at p. 56. One zinc plate is 
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placed at either side of the bar, parallel to the 
silver, and both are clamped in that position by 
means of one or two ordinary battery clamps, 
which serve at the same time to connect the 
two plates as one and to provide a means of fas- 
tening the electrode. The electrode from the 
silver plate, and which shoidd be soldered to it, 
is led out through the wooden bar, and may either 
terminate in a binding-screw or lead direct to the 
depositing vessel. The "couple" is then ready 
for immersion in the dilute sulphuric acid, which 
may be contained in any convenient vessel. Round 
glazed earthenware pots to contain about six gal- 
lons are best adapted for the immersion of single 
couples. These jars are easily procurable, and 
are chiefly manufactured for the English market, 
expressly for batteries, by Messrs. Doulton, of 
Lambeth. 

In some establishments, however, when the 
plates are of a laxger size it is found best to 
arrange the requisite number in a teak trough 
lined with gutta-percha, lead, or cement. A very 
cheap and good kind of battery-containing vessel 
may be made from teak, well jointed and thoroughly 
coated inside with marine glue (p. 148). 

The strength of dilute sulphuric acid generally 
employed as an excitant for the Smee battery is 
one part (volume) of sulphuric acid to ten parts of 
water. Additional information necessary for the 
working of Smee batteries will be found further on 
(p*0O. 
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Douih'Fluid Cells. — ^The cells previously spoken 
of are all excited by one fluid only, but much 
greater constancy and regularity of current is 
secured by the use of two liquids, separated by 
a porous partition. 

It is, indeed, remarkable that the double-fluid 
cells, with all their advantages, have not been so 
extensively employed for electro-typing pxirposes 
as those of the more simple construction. The 
cause doubtless lies in the fact that double-fluid 
cells were not known so early or so well as Wol- 
laston's and Smee's, for had Daniell's type of gene- 
rator been universally understood by electrotypers, 
Smee's would have long ago given place to it, to 
the advantage of both man and art. Several 
electrotypers have, it is known, tried the Daniell 
and Bimsen cells, and some have given them up 
in favour of Smee's. This was due, no doubt, ta 
the fact that the double-fluid cells were not under- 
stood or worked with that skill which should be 
part of the art of the electrotyper. 

That no cell yet invented can compete with the 
Daniell for constancy in working, and great power 
to keep up a given current, few who are acquainted 
with the question will deny, and that it is quite as 
cheaply maintained as the Smee, even electro- 
typers will readily admit, while its first cost is 
obviously a trifle. 

A Daniell cell for the purposes of the general 
electrotyper can be made up from very ordinary 
materials. The outer vessel is of the usual glazed 
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earthenware, to contain about eight gallons of 
liquid ; the inner one, half its internal diameter, of 
porous ware. In the outer cell is placed a roll of 
sheet copper in a solution of cupric sulphate, and 
in the porous vessel a cylinder or large rod of 
amalgamated zinc, in the usual dilute sulphuric 
acid. Zinc rods for Daniell cells may be cast from 
any scraps at hand. A smooth and slightly 
tapering tube, oiled within, should be used as a 
mould, as it is important to secure as smooth a 
surface as possible, otherwise it is almost impos- 
sible to effectually amalgamate cast zinc. 

It is almost needless to point out the obvious 
advantages such a combination presents to the 
electrotyper. The salt and excitant are of a kind 
constantly in use in his business and are therefore' 
cheap, as they are purchased in quantity. The 
metal he is also acquainted with. The battery is 
not half so wasteful of zinc as Smee's, and its 
positive element may be amalgamated with greater 
ease. It may be excited by a solution of common 
salt, or even sulphate of zinc, and exhibits a con- 
stant and vigorous current with all excitants. 
Its first cost is about one-tenth that of Smee's. 

Some electricians prefer to place the zinc in the 
larger receptacle, and the copper in the porous cell. 
In either case the cell will be found to keep in 
action for days together without any attention, and 
when weakly charged has been known in the 
authot's experience to deposit copper from a bath 
for a full month without once being looked to. 

E 
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In order to secure these desirable results it is 
necessary to caution the reader to avoid the mis- 
takes made by others of his art, by following the 
hints given herewith. 

Heat both top and bottom of the porous cell and 
paint over about half an inch with japan varnish 
or hot pitch. Treat the top of the zinc and copper 
cylinder similarly. Observe that the copper cylin- 
der cannot touch the porous cell. Observe also that 
the zinc is suspended in the porous cell by means of 
a wooden cover or a bar of wood across the top ; 
the zinc must not rest on the bottom of the cell. 
Never allow crystals of cupric sulphate to lie in 
the bottom of the outer vessel, and preserve its 
solution at a constant strength by adding crystals 
to a quantity kept upon a circular shelf made on 
the copper cylinder. Do not allow the crystals to 
come in contact with the porous cell. Keep the 
Hquid in the porous cell a little higher than that in 
the outer cell. Examine and clean the zinc rod 
when it becomes dirty. Chip off any nodules of 
copper that may appear upon the exterior of the 
porous vessel, and cover the spot with a touch of 
varnish. Thus, with less attention than is given 
to a Smee cell, the Dahiell will jdeld a stronger 
and a more constant current, producing copper of 
very superior texture and toughness. For general 
information regarding the Daniell cell the reader 
Is referred to pp. 59 — 62. 

Bunseris cell (Fig. 4) is more generally applicable 
where a very strong current is required, as for "steel 
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facing" and the deposition of brass and nickel. 
Its construction is similar to Darnell's, but Uie zin& 
occupies the outer vessel, in diluted sulphuric acid, 
while the neg'ative element is of gas carbon (p. 41} 
in the form of a square or round bar, placed in the 







porous vessel, which is nearly filled with strong 
nitric acid. 

The current yielded by this battery is very 
vigorous, because the internal resistance is very 
low, probably not one-twentieth of that exhibited 
by an equal-sized Daniell cell. When fully charged, 
its action continues almost constantly for four or 
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five hoiirs. Much care is necessary to keep the 
zinc amalgamated, and to avoid allowing any of 
the nitric acid to drop into the outer cell, because 
it sets up destructive local action. The carbon rod 
should be headed with an electro-deposit of copper 
as suggested at p. 42, and should likewise be well 
protected around the heading by repeated coatings 
of pitch, applied while hot. The first cost of the 
Bunsen cell is comparatively low. A pair of them, 
of two-gallon size, usually provides ample strengfth 
of current for the steel-facing process, as well as for 
brass and nickel. 

A very useful, cheap, and clean battery may be 
made by simply charging the Bunsen diflferently ; 
thus, place in the porous cell a saturated solution 
of bichromate of potash, strongly acidulated with 
sulphuric acid, and in the outer vessel a solution of 
common salt. The force of this combination is 
very high, while the resistance is less than that of 
the Daniell cell; it is more cleanly thaii the 
Daniell, but in constancy of current it is inferior. 

Groups cell is in some respects superior to, and 
is more compact than, Bunsen's, but its first cost is 
very high, by reason of the price of the platinum 
plate employed in place of the carbon block. It is 
usually made in the form of flat cells, and may be 
employed in any work where a powerful current is 
necessary. 

Carbon and Zinc Doulle-Fluid Cells. — ^The effi- 
ciency of these batteries, several forms of which 
have recently been introduced, is chiefly due to the 
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excellent depolarising qualities of the bichromate 
of potash employed. The electro-motive force is 
equal to that of the Bunsen battery, and the internal 
resistance is comparatively small. 

From the experiments and observations the 
author has been able to make, it would appear that 
a really good cell for iron deposition can be gene- 
rally employed, made on the one-fluid principle, at 
a cost very much under that of Bunsen cells. The 
proposed battery can be made by clamping a pair 
of carbon plates, one on either side of a zinc plate, 
after the construction of a Smee. The excitant 
which has been found to answer best is known as 
Anderson's salts, which the inventor has described 
in his patent as made by adding oxalic acid to a 
solution of bichromate of potash until effervescence 
ceases, and then slowly evaporating the solution, 
when the crystals of the oxalate of chromium and 
potash will be obtained. These salts are, however, 
obtainable commercially. This is used with both 
single and double cells. To charge the single cell, 
this salt is dissolved in water strongly acidulated 
with hydrochloric acid along with a few cr}''stals of 
the bichromate. The current is very vigorous and 
well sustained. 

The double-fluid cell is, however, preferable on 
account of its long-continued action. A porous and 
an outer cell are employed. The zinc, in the form 
of plate or rod, is placed within the porous cell, in 
a solution of muriate of ammonia, and the carbon, 
in the form of a plate, occupies the outer cell, in a 
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solution of the salt described above in connection 
with the single cell. 

When the solution in the outer cell begins to 
show signs of weakness, more crystals of bichro- 
mate of potash should be added. The inventor, 
however, describes in his patent an ingenious 
arrangement, by the aid of which the crystals may 
be made to add their strength to the battery as fast 
as is required, and by which the strength of the 
cell may to a great extent be regulated. It consists 
of an earthenware or glass tube, covered at the 
lower end with platinimi gauze and containing the 
crystals ; this tube is clamped at such height within 
the cell as to allow the salt to dissolve fast enough 
to supply the consumption ; its action thus depends 
upon the greater or less depth of crystals below 
the surface of the solution. 

These cells, although they have not as yet been 
extensively tested and used in electro -typing, ex- 
hibit every good quality applicable to the practice 
of the art, and well deserve a careful trial by all 
electrotypers. The electro-motive force is slightly 
higher than that of Bunsen's cell. {See also p. 63.) 

Conductors from Batteries. — Copper is universally 
employed for the conductors between the plates of 
batteries, and between the poles and the vats. It 
is very flexible and ductile, cheap, easily obtain- 
able, and forms one of the best conductors of elec- 
tricity. It is generally employed in the form of 
straps, or stout wire, as main conductors between 
the battery and vat. Thin wires should never be 



SOURCE OF ELECTRICITY. 55 

nsedy because they ofifer a high resistance to the 
current and consequently retard its passage. Copper 
wire of the No. 10 size, by the Birmingham wire 
gauge, is well suited to most purposes, but straps 
are often considered more convenient in use ; they 
should never contain less copper per foot than a wire 
of the above size. The sling wires will be spoken 
of at greater length in connection with the vat fit* 
tings, but it may be here mentioned that No. 10 
copper wire is a suitable size. 

One very important point to be observed is that 
the conductors make absolutely clean metallic contact 
with the terminals of a battery, otherwise much 
power may be wasted on the resistance offered by 
a dirty connection, as it has been shown that dirt 
or oxides offer an enormous resistance to the pas- 
sage of a current. In the case of emplo3dng long 
leading wires, as from batteries situated at some 
considerable distance from the depositing vat, the 
wires should be still stouter, or two twisted together 
employed. In connection with this, it may be 
usefid to state that the resistance of a conductor 
increases directly with its length, and varies in- 
versely as the area of its cross section. No. 10 
wires, or straps of equal weight per foot, may be 
employed between battery and depositing vessel 
over any distance not exceeding 100 feet. The 
resistance of this length (100 feet} will be about 
one-fifteenth of an ohm, or less. 

All conductors between battery and vat should 
be insulated with gutta«-percha, or tarred twine. 
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Cotton-insulated wire, baked and steeped in melted 
(solid) paraflSn, forms a damp-proof and inexpensive 
conductor. 

Terminals. — ^These are the various kinds of con- 
necting screws employed by the electrotyper 
(Fig. 5). They are made so as to clamp the conduct- 
ing wire to the pole in order to provide a good 
electrical contact. As a rule terminals are screwed 
or soldered to the elements of a battery. The chief 
thing to observe is that they shall make perfect 

metallic contact 
with the plates^ and 
that the subsequent 
action of the battery 
shall not corrode the 
contact. Clamps 
are usually of brass^ 
like screws, but in 
some cases it proves 
more economical in 
the end to employ copper clamps. All terminals 
should be fitted with thumb-nuts large enough to 
allow a good pressure to be exerted in screwing 
them down upon the wire. 

Zinc for Voltaic Batteries. — Whenever possible, 
stout rolled Belgian zinc shoidd be used in bat- 
teries. Cast zinc is not only much more likely to 
contain impurities, but its surface is usually so bad 
as to preclude the possibility of amalgamating it 
(p. 57)- Sheet zinc, suitable for batteries, should 
never be thinner than one-eighth of an inch, but it 
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Fig. 5. -^Battery Terminals. 
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may be thicker with advantage. As received from 
the rolling mill its price may be reckoned at about 
fourpence per pound. As the amount of zinc dis- 
solved in the battery bears a proportion to the 
weight of metal deposited in the vat, it may be 
assumed that the battery plates do not last long 
when in constant use ; it is, therefore, economy to 
keep a large quantity of plates in stock, cut to size. 

Ta cut Zinc. — ^Zinc may be readily divided to the 
required sizes by first marking off the dimensions 
in lines, deepening these with a scratch or two of a 
graver, and running mercury into the cut, when the 
plate may be readily broken over the edge of a 
table. If any difficulty be experienced it may be 
removed by repeating the process on the opposite 
surface. 

To lend Battery Zincs. — This metal exhibits the 
peculiar property of softening very readily by a 
slight increase of temperature. Therefore zinc 
plates just taken out of boiling water may be easily 
curved and bent to the required shapes over a 
former of wood or iron; a wooden mallet is also 
useful to the workman in curving the cylinders. 

Amalgamation of Zinc. — ^This process is very 
simple, but it is of the greatest importance. If 
absolutely pure zinc could be obtained for batteries, 
the necessity for amalgamation would not render 
itself manifest. If any foreign ingredients are 
present in the zinc the action of the battery is 
seriously interfered with, and g^eat waste goes on. 
The impurities found in zinc are commonly com- 
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pounds and particles of iron, tin, and lead, which 
set up miniature local cells with the other parts of 
the zinc plate by reason of the electrical relations 
existing between them (p. lo). To prevent the for- 
mation of these minute and wasteful local currents, 
a coating of mercury is spread over the zinc (which 
" takes" the mercury readily), forming an amalgam ; 
this coating serves to connect the zinc and im- 
purities in one whole conducting surface, and pre- 
vents the differences of electrical condition from 
manifesting themselves. 

To amalgamate the plates it is necessary first, if 
the plates be new, to wash them in hot caustic soda 
solution, so as to remove the greasy film imparted 
to them at the rolling mills. A flat vessel is then 
partially filled with dilute sulphuric acid, and upon 
it is also poured a little of the best quality of 
mercury procurable. The plate is dipped in the 
liquid and the mercury rubbed on with a pad of 
tow or other suitable substance. The workman 
should take particular care to cover every portion 
of the surface. When the plates present a imiform 
silvery appearance they may be set upon edge to 
drain, after which they are ready for placing in the 
battery. Much care should, of course, be taken to 
insure that only pure, or nearly pure, mercury 
shall be employed, as mercury adulterated with 
lead and other metals will frequently be found to 
do more absolute harm than good. 

Copper Plates for Batteries. — Sheet copper, about 
^nd of an inch in thickness, is almost universally 
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employed as plates and cylinders to form negative 
elements in batteries where copper is used. The 
copper cylinders of Daniell cells may be even 
thinner than usual, as, instead of wasting away, 
they continually increase in stability, by reason of 
the added deposits of copper. Elements of this 
metal, in whatever battery they play the negative 
part, should be kept clean and bright. Those of 
Daniell's cells are always sufficiently clean while 
the combination is in action. Dirty copper plates 
or cylinders may be effectually cleaned by heating 
to redness and plunging in dilute sulphuric acid ; 
rubbing with a wire card is also very effectual. 
The various shapes required are readily cut from 
the copper sheet by means of shears. The metal 
''takes" solder readily; the flux employed should 
always consist of resin. 

Containing Vessels far Baiteries. — The best vessels 
for use in the electro-typing laboratory are of brown 
glazed stoneware. For the separate cells, where 
one pair of elements occupies one vessel, cylindrical 
pots, suitable for Daniell, Bunsen, and Smee cells 
are well adapted. They are procurable in sizes 
to contain from a pint to many gallons of exciting 
liquid. 

In cases where a number of moderate-sized plates 
are employed, to give a Smee or other cell of very 
large total surface, troughs of lined teak wood 
answer very well. 

Porous Vessels for Batteries. — ^All necessary sizes 
of porous cell are now procurable. They are made 
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from red or white earthenware, and are unglazed ; 
they thus allow the current to pass, but separate 
the two liquids employed. Much care should be 
bestowed upon the selection of these cells, for upon, 
the kind and quality of cell materially depends the 
internal resistance (p. 13) of the battery, and also 
its capability to maintain a current at a given 
strength. For Daniell cells, to remain in action 
for considerable periods, the white variety is best 
adapted, because they are somewhat hard, and 
prevent the two solutions from readily inter- 
mingling. In Bunsen batteries the red cells may 
be used with advantage, because they are generally 
soft, and offer little obstruction to the passage of 
the current during the periods over which the cells 
are in action. Porous cells may be procured in both 
cylindrical and flat shapes, to suit the different forms 
of generators. All cells should be tested for porosity 
before being used in the battery ; each one should be 
filled with water, and the effect upon the exterior 
surface noted. If the water should run off, the cell 
is too porous for any purpose, but if it appear as a 
heavy dew upon the exterior in the course of an 
hour or so the vessel may be considered fit for use in 
Bunsen batteries ; the hardest cells, through which, 
however, the water should appear in time, may be 
employed for the more constant Daniell and bichro- 
mate batteries. Some of the best cells are glazed 
around the bottom and around the brim. This is 
a great advantage, and should be universal, as it to 
a great extent prevents the creeping effects of 
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endosmose from bringing copp^ into the zinc 
compartment. 

Solutions for Batteries^ — ^The exciting liquid in 
most batteries is diluted sulphuric acid, in which 
the amalgamated zinc element is immersed. The 
strength of this mixture depends upon two things : 
the quality of zinc and the state of amalgamation. 
The strength varies also according to the amount 
of current required. Really good zinc, well amal- 
gamated, will stand a very strong acid mixture 
without wasting, but. bad zinc, poor in mercury, 
will waste in the weakest liquid. The actual 
strength employed may be taken to vary from one 
volume of acid to thirty of water to one of acid to 
six or eight of water. For use in Smee and Daniell 
cells a good strength is one to ten. In Bunsen 
cells it may be as strong as one to five, if the amal-> 
gamation be in good condition. 

The sulphuric acid employed should be of the 
best quality only, but even this frequently contains 
small quantities of nitric acid, which is very destruc- 
tive in the zinc compartment. To detect nitric 
acid, dissolve indigo in pure sulphuric acid, and 
add this solution to the suspected sample, boiling 
the mixture. If the indigo should disappear in the 
boiling, nitric acid may be assumed to be present. 

It is always false economy to use any quality but 
the best nitric acid for Bunsen's negative cell. The 
most concentrated should be employed, and it 
should also be free from hydrochloric acid. Good 
nitric acid may be used to charge the cell three or 
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four times; that is, supposing the battery to be set 
up now and again for iron facing purposes, perhaps 
occupying half an hour at each operation. After 
the first time of using the acid is found to have 
turned to a reddish colour. When again used it 
may turn to green, and finally to a clear liquid. 
After this it is useless, and may be thrown away. 

The various solutions of salts employed in the 
batteries described or mentioned in this book 
should, it may be generally assumed, be as pure as 
possible. Information regarding cupric sulphate, 
for use in Daniell's cell, will be found at p. 3 1 . As 
the strength of a battery to a great degree depends 
upon the state of its solution, attention should be 
paid at intervals to the liquids and to reft'esh them 
with new crystals. 

In the action of the Smee, Daniell, and some 
other cells, the sulphate of zinc formed in the pro- 
cess gradually accumulates in the solution until it 
becomes quite thick and heavy. This condition 
can only arise from complete want of attention, and 
in porous cells especially should be avoided. When 
the sulphate of zinc is allowed to accumulate in 
quantity, it offers great resistance to the current, 
and should be withdrawn in part or whole as the 
occasion may require. Smee cells in ftiU constant 
work generally make the solution quite heavy and 
unfit for work in a week or less, but much depends 
upon the attention paid to it, such as adding a little 
water, removing the zinc plates and washing them, 
adding a little acid, and so on. 
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Local Action in Batieries.^-^This term is sufficiently 
comprehensive, and has been explained at p. 58^ 
in connection with the subject of amalgamation. 
Local action always exhibits its effects in the form 
of dark patches upon the clean amalgamated sur* 
face. These spots will be found partly honeys- 
combed, and a difficulty is very frequently expe-^ 
rienced in covering them again with mercury. In 
order to avoid altogether the worst effects of loCal 
action, the plates should be amalgamated frequently. 
Zincs several times amalgamated, however, should 
be handled carefully, because they become very 
brittle. The residue of the mercury left in the 
bottom of battery jars should be preserved for future 
use. Much care should be taiken, when, the zinc 
plates are frequently amalgamated, to avoid allow- 
ing any mercury to touch the silver, which it renders 
liable to crack. 

Ekdrch-motive Force of Batteries. — The electro- 
motive force of some of the more useful batteries 
here mentioned may be judged of from the follow- 
ing figures from Latimer Clark's ^'Electrical 
Measurement " : — 



(jrove's .... 
Bunsen's .... 
Danieirs .... 
Smee's (when not in action) 
Smee's (when in action) about 
Copper-and-zinc cell . 



100 
98 

57 

25 

46 



The current^ with which the electrotyper is chiefly 
concerned, will depend in a very great degree upon 
the resistance (internal) of the cell. This may vary 
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from one-tenth of an ohm (p. 8) in large Bunsen 
cells to four or five ohms in Daniell cells. It will 
be observed that the force of the Smee cell is much 
higher when tested with the negative wire put to 
earth and the positive wire connected to a conden- 
sing electrometer, than when the circuit is actually 
closed in useful work. 

In this treatise a full statement of the relations 
existing between electro-motive force resistance and 
current cannot be given ; for such information the 
reader is necessarily referred to some good text- 
book of electricity. It may be useful, however, to 
give a few particulars concerning the cells with 
which the electrotyper is likely to deal. 

It must always be borne in niind, in calculating 
battery power for any given work, that the 
electro-motive force and the resistance determine 
the current. Thus, a cell of high electro-motive 
force and low resistance will give, through a good 
conductor, a much stronger current than a cell of 
equal force but much higher resistance. Hence, 
one Bunsen cell, by reason of its small internal 
resistance, will yield, in a circuit of low resistance, 
a much stronger and more effective current than 
two Daniell cells coupled together, but the latter, 
in a circuit of high resistance, would do more work 
than the Bunsen cell. The most common and 
comprehensive expression relating to these laws is 
that the external {inter polar) resistance should equal 
the internal resistance. 

Hence, batteries of comparatively high internal 
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resistance may with economy be employed in all 
electro-typing work of high resistance, and where 
the surface to be coated is but an indifferent 
conductor, such as blackleaded gutta-percha or 
wax. 

Electro-motive force should be regulated to suit 
the resistance, but in most cases the E.M.F. of one 
Smee or Daniell cell will prove sufficient in copper 
depositing. When, however, the mould to be de- 
posited upon is of an undercut design, and therefore 
presents much resistance, requiring pushing power 
in the current, it is necessary to employ two Smee 
or Daniell cells, or two of the zinc-carbon bichro- 
mate type described at p. 52. 

To increase or double the electro-motive forcCj the 
pairs must be separate and distinct from each other, 
and not mounted in one trough or cell. Then, by 
simply connecting the copper (or silver) of one 
pair to the zinc of the other, and taking the leading 
wires for the vat from the remaining zinc-and-copper 
(or silver plate) terminals, the force is doubled. It 
must be remembered, however, that the effective 
size of the battery remains as one cell, and is not in 
any way increased. The pushing power of one cell 
has been added to that of a second, but the power 
to yield a current remains as for one cell. The 
internal resistance has been doubled ; that is, both 
resistances have been added together, and conse- 
quently the combination of two cells is more power- 
ful against high resistance than one cell. Electro- 
motive force may thus be increased to any required 

F 
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extent by continuing to join up cells as above, or 
in series f as it is termed. 

The reader, on consulting a good text-book of 
electricity, will find that the electro-motive force ot 
a cell is expressed in terms of a unit of force, called 
the " volt," from Volta; This electro-motive force 
is only slightly less than that of one Daniell cell; in 
fact, the Daniell cell is frequently taken as equal to 
one volt. Now, if we employ a volt force (the unit), 
or one Daniell cell, and arrange the size so as to 
give a very small internal resistance, we may as- 
sume that in electro-typing we have a resistance of 
one ohm (the unit of resistance, equal to about 6 
feet of 36 gauge copper wire), and our current will 
therefore be equal to one weber per second (weber, 
the unit of current, or quantity), and the result will 
prove that we are depositing copper at the rate of 
1 7 grams per hour. 

This can actually be done by employing a pretty 
large Daniell cell, and a good conducting solu- 
tion. Therefore, the electrotyper can calculate very 
nearly how much copper he can deposit per day, 
when he has a good idea of his total resistance. 

It may prove useful to the reader to give in terms 
of the unit, in connection with the above statement, 
a list of the forces exhibited by the different cells 
he is likely to employ in his art. The figures may 
prove of use also in gaining a rough estimate of the 
work being done in the circuit. But it should be 
borne in mind that all particulars relating to the 
laws of the circuit given herewith, are intended to 
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be studied in connection with those in some such 
work as Jenkin's ** Electricity and Magnetism" 
(Longmans), and not to be taken without further 
inquiry into the actual causes at work in the electric 
circuit. 



Cells. 



Probable internal 

resistance. 

(I gallon size). 



Daniell . 

Smee (not in action) 

„ (in action) 
Copper-and-zinc 
Bunsen . . . 
Bichromate carbon cell (p 



S3) 



1*5 ohm 

•5 ,f 
•5 „ 
•2 » 
•6„ 



Electro-motive force 
in volts. 



1*079 

1-098 

•482 

•886 
1*964 
2*028 



To increase current or quantity^ it is only necessary 
to enlarge the cell, or, which comes to the same 
thing, join up two or more cells in parallel circuit ; 
thus all zincs to one electrode and all coppers to 
the other. When a cell is doubled in size, its re- 
sistance is halved. Then the resistance is in direct 
ratio with the surface of plates active in the cell 
(provided, of course, that the liquid shall always 
remain the same, both in conductivity and space to 
be passed through). 

^^ Making up" Batteries. — Much space is usually 
devoted in works on electricity to the subject of 
joining up cells in series and parallel circuit, and 
to the discussion of effects from batteries differently 
arranged. These instructions, although they are 
merely extensions of the rule for increasing the 
electro-motive force at p. 65, and also that upon 
which the quantity of current depends, as above, 
are very useful to those who employ considerable 
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numbers of cells in their operations. The electro- 
typer, however, seldom has occasion to use more 
than two cells to gain the force he requires, so that 
particulars relating to numerous cells would be 
misplaced here. The force of current required for 
the several specific purposes mentioned in this 
treatise is clearly stated in the section devoted to 
" The Depositing Process," Chap. VIII. 

Care of Batteries, — ^The economical management 
of his battery is a matter of much importance to the 
electrotyper, since zinc and excitants are expensive, 
and because irregular working not only leads to 
inferior work, but to costly waste. 

With special reference to the Smee cell, care 
should be taken to remove the plates from the solu- 
tion when the day's work is over, and to examine 
and wash them. They are examined chiefly to find 
whether the amalgamation has failed, and to detect 
marks of local action. Black patches should be 
scraped clean and re-amalgamated. 

The exciting solution should be stirred at least 
once in every two days to equalise its density, and 
a small quantity of sulphuric acid and water added. 
It may then be used until it becomes of an oily 
consistency, which will be indicated by the zinc 
sulphate crystallizing upon the plates. The silver 
plate should be replatinised about every four or five 
months, according to the duty it performs. 

In the use of sulphuric acid for batteries, it is 
highly important to avoid pouring water into acid, 
as this frequently causes an explosion dangerous 
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to the eyes. Acid should always be added to 
water, and this not too fast, because great heat is 
spontaneously produced. 

Porous cells, whenever used, should, as often as 
practicable, be kept soaking overnight in water to 
clear out the pores, which are apt to get clogged 
up with crystallized salts. The crystallization of 
salts will also crack cells that are allowed to become 
dry for any considerable length of time after use. 
All porous cells permit of the gradual intermixture 
of the two separated liquids in batteries. This is 
called, endosmosey and is the chief cause of the 
failure of current in the Bunsen cell after a few 
hours' work. The word endosmose is also used in 
this work to indicate the peculiar creeping action 
of crystallized salts, especially in reference to the 
Daniell cell. 

Cost of Battery Working. — ^Theoretically, an equi- 
valent of copper should be deposited for each equi- 
valent of acid and zinc consumed in the battery, 
so that, according to this rule, all cells should 
cost, in working, the same price. In practice, 
however, this is never attained, and it then be- 
comes a question which is the most economical 
cell with which copper may be deposited. 

Laying aside the fact that the silver in Smee's 
cell is gpradually destroyed, this type of gene- 
rator may be taken to be as inexpensive in work- 
ing as any, but the deterioration of the silver plate 
raises its cost to something much higher than that 
of the Daniell or carbon-and-zinc bichromate cells. 
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Five shillings a year maybe reckoned as about the 
cost of silver in a very large Smee cell. The 
Daniell cell might, however, exhibit an equal 
expense for porous pots, if carelessly attended to. 
But apart from the silver plates and porous cells, 
the question turns upon the consumption of zinc 
and sulphuric acid, these being the two chief sub- 
stances used in most voltaic batteries. 

Absolutely correct working is never attained; 
indeed, it would be easy to prove that from the very 
nature of the operation of batteries it never can be 
attained ; but we can still determine within narrow 
limits the amount of copper which we ought 
reasonably to expect to realise by the expenditure 
of a pound of zinc and acid in the batteiy. For 

every equivalent of zinc (-^ = S^'S parts j and 

every equivalent of sulphuric acid /-5- = 49 parts j 

expended in the battery, we should, theroetically, 

be able to obtain one equivalent f-^= 3^75 parts j 

of copper in the electrotsrpe. Thus one pound of 
zinc (nearly) should give us one pound of copper, 
but the usual consumption in the best batteries 
now used exhibits a discrepancy of nearly half a 
pound ; hence from one and a quarter to one and a 
half pounds of zinc will be consumed to each pound 
of copper deposited, besides the consumption or 
absorption of suiphuric acid in due proportion. 

It may readily be deduced from these observa- 
tions that the deposition of one poimd of copper 
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will cost uSy with zinc at fourpence per pound and 
sulphuric acid at three half-pence, about sixpence 
for electricity alone. Thus the total cost of an 
electrotype plate by battery current, weighing one 
pound, would not be, and in practice is not, less 
than two shillings. By dynamo-electric machines 
the cost would probably be less than one shilling 
and sixpence. 

Thermo-Electric Batteries.— In several in- 
stances where heat is either obtainable without 
expense or at a merely nominal cost, thermo-elec- 
tric batteries are employed, especially in France, 
with advantage. In the practice of the art on a 
large scale, however, the first cost of the thermo- 
electric piles places them in a position inferior to 
that occupied by voltaic batteries or dynamo-elec- 
tric machines. 

Principles of the Action inThermO'Electrtc Batteries. 
— ^When two dissimilar metals are placed so as to 
touch each other, their opposite extremities being 
connected together by a wire, a current of electricity 
will pass through the wire so long as heat is applied 
to their point of contact. If the opposite extremities 
are artificially cooled, the current will prove more 
vigorous. This forms a thermoelectric pair ^ and in 
most respects it resembles a voltaic pair. A com- 
bination of two or more pairs forms, as usual, a 
thermo-electric battery. 

The metals which have been found to exhibit 
this property in the greatest degree are bismuth 
and antimony. Bismuth is found to be the positive 
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metal of the pair, and the current, therefore, passes 
across the heated junction to the antimony, which 
is negative. These metals, however, offer certain 
disadvantages in the construction of thermo-electric 
batteries, and have been replaced by others in 
various types of construction. 

Clamond's Thermo - Eleciric Battery. — This is 
probably the best and most compact pile yet intro- 
duced ; and where gas, whether from coal or light 
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Fig. 7— ThBrmo-Electric Circle. 



hydrocarbons, is cheap, it may be employed with 
advantage. 

The metals used by M. Clamond are, for the posi- 
tive, ordinary tinned sheet iron, and for the negative, 
an alloy of antimony two parts, zinc one part. Each 
element is made up from a flat thick bar of the alloy 
(usually three-fourths of an inch thick, according to 
the size of each element) about three inches long, 
to which is connected in the casting, at one end, 
a flat strip of the tinned iron, which {Fig. 7) extends 
outwards to the opposite extremity of the bar, but 
is not connected to it. Several of these pairs are 
arranged in a circle on a temporary frame, all 
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their junction ends being towards the centre, while 
the free end of each tinned-iron strip is connected 
to the end of the bar succeeding it. In this 
manner a circle of elements is connected together 
in a way similar to the joining up of batteries in 
series (Fig. 7). 

Sever£il of these circles are laid one above the 
other, the separation between them being formed 
by a coating of powdered abestos and a solution of 
silicate of potash. When the pile is thus built up 
it is secured by cast-iron rings and connecting 
rods in a compact form. The elements are ar- 
ranged like the spokes of a wheel, so as to give 
free effect to radiation. The central aperture 
common to all the layers of element rings is 
utilised as a chamber in which the junctions may 
be heated by gas. 

A perforated tube of porcelain ascends into the 
chamber. The gas is passed into the tube, mixed 
with air, bums in blue jets through the perforations, 
and keeps the junctions of the elements at a 
uniform temperature (Fig. 8). 

These piles are obtainable commercially. One 
of the large ones, burning ten cubic feet of gas per 
hour, will, the inventor states, when coupled for 
quantity, deposit about one ounce of copper per 
hour. This, of course, refers to copper deposited 
upon a metallic anode, and certainly cannot be 
done upon blackleaded moulds at half this speed. 
The inventor gives the electro-motive force of the 
100 bar pile as 5 volts, when coupled for quantity. 



74 



ELECTRO-TYPING. 



This is a very good result, and as the internal 
resistance is only a little over i ohm, it will be 
observed that such a thermo-electric battery is 
equal theoretically to about four Smee cells of two- 
gallon size, coupled in series. 




Fis- S^Sec&M of Clamond'i Theime-Electric Buto;. 

Noi's Thermo-Electric Pile consists of small 
cylinders of an alloy of zinc and antimony as posi- 
tive, and rods of German silver as the negative 
element. Mr. Gore, F.R.S., who has made some 
experiments with these piles, reports in their iavour, 
stating that twenty of the pairs yield a current 
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and electro-motive force equal to one Bunsen cell 
of about quart size. This combination would 
thus deposit about twenty grains of copper per 
hour. 

Although electroplaters and typers have taken 
up these piles and have tried them, it has not been 
done with that vigorous spirit of progress which 
would lead their inventors to devote renewed 
energies to their improvement. There can be no 
doubt that these piles can be very materially im- 
proved and diminished in first cost if the users of 
batteries would only give their inventors encourage- 
ment. 

The chief advantage of the thermo-electric battery 
lies in the fact that once set up carefully it needs 
little or no attention, as the gas has only to be 
turned on and ignited to set it in action. It has 
not, to the author's knowledge, been determined to 
what extent these generators deteriorate by long 
continued use, but it is sufficiently clear that, 
although higher in first cost than batteries, they 
promise well to be a cheaper and cleaner source of 
electricity. 

Dynamo - Electric Machines. — These ma- 
chines, although they are frequently indispensable 
in the deposition of large weights of copper, and in 
the abstraction of that metal from ore, will pro- 
bably never wholly replace voltaic or thermo- 
electric generators, because to actuate them either 
steam-power or its equivalent, as gas engines or 
water motors, must be employed. Very many 
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electrotypers are unable to obtain or afford this. 
The cost of depositing copper by the dynamo- 
electric machine is very low, which soon repays 
the first cost of the machine in establishments 
where plenty of work can be constantly provided. 




Fit. » OmaiBiB'* Uif* UacUMk 

Thus a good machine, requiring the driving power 
of a small gas engine, or from two to three horse- 
power, may be made to work two or more vats of 
solution at once, the current being divided between 
them in the ratio of their resistances. 
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All the dynamo-electric machines mentioned in 
this volume (p. 87) yield a very strong current, and 
may be made to produce numbers of electrotypes 
with great rapidity. Some of the machines pro- 
duce currents equal to those from thirty large 
Bunsen cells. In the frontispiece are represented 
Maxim's and Weston's machines, adapted for 
electro-typing. Figs. 9, 10, and 11, represent 
Gramme's large and small machines and Wilde's 
long-armature machine. 

Provided that there is an abundance of work to 
do, there is no more economical source of the large 
currents required than a good dynamo-electric 
machine. The first cost varies from £40 to ;^ioo, 
and upwards. This is speedily recovered when 
the apparatus can be kept at full work. The cost 
of maintenance, apart from motive power, is a mere 
trifle, as nothing is consumed in the action. 

The currents produced by these machines are 
derived from electro-magnetic force ; they are, in 
short, the effect of the motive power expended, as 
current electricity. A full statement and explana- 
tion of their action will, however, be found in the 
author's treatise on " Electric Light " (Lockwood & 
Co.), to which the reader is referred for special 
information respecting them. Much care should 
be devoted to the selection of a dynamo-electric 
machine to suit the work to be done. Some general 
directions will be found respecting this in the 
present section of this volume. 

Establishing a DynamcHElectric Machine. — ^Ma- 
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chines which reqiiire from three to ten horse-power 
to drive them are usually of a heavy description, 
and should be bolted either to wood beams secured 
to the earth or to masonry ; the chief point is to 
secure a reliable fixture for such heavy machines, 
so that the vibration attendant upon high speeds 




may be reduced to a minimum. Much care must, 
however, be taken to set the machine in a dry 
situation, because damp not only attacks its naked 
iron work, but frequently penetrates and injures 
the insulating covering of the wires. Smaller 
macbin(!S than the sizes above specified may ad- 
vantageously be fixed securely to a raised bench 
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near to a wall, or to a stout wooden framework 
raised two or three feet from the floor level; it is 
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important, however, to avoid a weak base-work as 
much as possible, because a shaky machine frame 
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frequently sets the whole workshop into violent 
vibration, besides giving rise to much noise. 

Most machines are simply provided with a fast 
pulley, so that in cases where the necessary 
counter-shaft is not sold with the machine, as in 
Gramme's apparatus, it is necessary to select a 
fast and loose pulley arrangement, of a size suited 
to give the required number of revolutions per 
minute to the machine. Broad and well-stretched 
bands should be employed, so that the tenden&y to 
slip may be reduced to a minimum. The number 
of revolutions given by the main shaft or engine 
should be calculated in relation to that run by the 
counter-shaft, and the relative sizes of both pulleys 
should then be considered to give the stated num- 
ber of revolutions as an average, wAtle the machine 
is at full work depositing copper. 

Motors for Dynamo -Electric Machines. — The 
steam-engine is the best and cheapest motor for 
these machines, but both gas engines and water- 
motors are used. The chief peculiarity of the 
dynamo-electric machine is that to secure steady 
currents it must be driven steadily. This, however, 
in electro-typing may to a certain extent be over- 
looked. A gas engine which is not a very steady 
motor answers the purpose; those of Crossley 
Bros, are, probably, the best yet tried. Both gas 
and steam-engines should have a good margin of 
power over that absolutely required for driving 
the machine. 

In many cases the machines may be situated 
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near to a neighbour's engine, and the conductors 
led into the electro-typing room. This is frequently 
done. Sometimes the machine is fixed in a build- 
ing 300 yards away, and the conductors led over 
the roofs, or along walls, to the depositing room. 
Most owners of steam-power have a sufficient mar- 
gin of force to drive one or two machines, and the 
trouble is nothing, because the machine requires no 
attention except oiling and examination of the 
commutator every two days, while the cost to the 
electrotyper would be but a fraction of that neces- 
sary for the maintenance of batteries. Most news- 
paper engines are idle throughout the day, and 
many of them are hired for the driving of these 
machines, or employed by the owners themselves 
in this way. 

Care of Dynamo-Electric Machines* — ^The first and 
most important precaution to be observed in the 
use of these machines is, never allow them to ru7i on 
short circuity because the excessive heat immediately 
produced in the coils frequently ruins the insu- 
lation. 

The only other observances are, attention to the 
collecting brushes and oiling. 

The brushes are two bunches of copper wire or 
sheet, fixed in holders, and pressing at opposite 
diameters upon the revolving commutator-cylinder 
of the machine. These brushes, by sparking and 
use, become worn, and must be slid further through 
the holder when required. The pressure upon the 
revolving cylinder should not be greater than is 
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absolutely necessary to collect the currents without 
much sparking. Sperm oil should be used to 
lubricate the revolving cylinder, otherwise it will 
get cut up by the brushes, and much dust will be 
thrown off. The copper powder produced by wear 
should be wiped off the cylinder frequently. 

The lubricating arrangements usually consist of 
needle oil cups, or ordinary syphon lubricators, and 
need no attention, but to be constantly supplied 
with sperm oil, free from grit. Owing to the high 
rate of speed, much care is, of course, necessary to 
avoid allowing the oil cups to run dry, or the oil- 
ways to get clogged up. 

Regulation of Dynamo^Electric Currents, — ^In a 
large electro-plating or electro-typing establish- 
ment where a number of vats are employed, one 
machine is frequently arranged to supply them all. 
The arrangements should be somewhat as fol- 
low: — ^The vats should be ranged along one wall 
of the shop, at equal distances apart. The dynamo- 
electric machine should either be fixed on the floor 
just behind the central vat, or to a raised standard 
above it. The main conductors should consist of 
two stout copper rods or tubes, insulated from the 
wall by being fixed in dry wood brackets, and 
should extend from one end of the wall to the 
other. The conductors from the machine should 
be stout copper straps, screwed separately to the 
main rods. From each vat should extend a pair of 
electrodes fixed to the main rods, to conduct the 
current to the anodes and cathodes. .By a little 
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judicious care in arranging the sizes of vats and in 
laying out the resistance to be overcome, the cur- 
rent may be made to pass into each vat in the ratio 
of the size of its anode. 

Resistance Coils and Shunts for Dynamo-Electric 
Machines. — ^With most machines suitable for electro- 
deposition sets of resistance coils or boards are 
supplied. These are designed so as to pass from 
the full current to any required fraction of it, 
suitable for the largest plates and the smallest 
electrotype. They act either by shunting -part of the 
current by means of a short circuit wire, or by re- 
sistance to the current. It is obvious that when the 
machine is working through an added resistance in 
this way it costs as much as if it were in full work, 
and therefore it is more economical to work by 
means of shunts, which allow the required amount 
of the total current to pass back to the machine 
without entering the depositing vessel. 

Some electro-depositors, on the other hand, allow 
the full current to enter the vat, and to compensate 
for its excessive strength place the anode and 
cathode further apart than usual. This, it will be 
observed, is but another way of reducing the cur- 
rent by means of resistance ; it tends to heat the 
solution, and as the full current is used, the 
machine is as costly to drive as if the current were 
fully utilised. 

Reversal of Polarity in Dynamo-Electric Machines. 
^-When a machine has been depositing copper 
upon an electrotype, and is stopped without re- 
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moving the latter from the bath, or disturbing the 
circuit in any way, a counter electro-motive force is 
often set up in the bathy starting from the electrotype 
to the anode. This small current may Igist for a 
short time only, but it is frequently sufficient, to 
reverse the magnetic polarity or tendency of the 
machine. The result, when the machine is again 
started, is often sufficiently disastrous, inasmuch 
as the current, which should pass from the anode 
into the vat, does so by the cathode and re-dis- 
solves it. Thus some of the best work may be 
destroyed. The facility with which the magnetic 
polarity of a machine may be reversed is explained 
when it is understood that the magnetism it depends 
upon for starting the current is merely the residual 
traces of magnetism left in the iron field magnets, 
so that a very weak current may reverse it. 

To obviate the possibility of this occurring many 
devices, more or less clumsy and useless, have been 
invented; as a general rule they fail just when 
they ought to act, and are thus worse than useless. 
All that is really necessary is a device for throwing 
open the vat circuit as soon as the machine ceases 
to revolve. The author has successfully employed 
for this purpose a very simple arrangement (Fig. 12), 
which never fails to act, and may likewise be used 
as a circuit-interrupter. It consists of a cylin- 
drical piece of iron, a, i by 3 inches, with a few 
turns of No. 10 copper (insulated) wire wound upon 
it. This electro-magnet is screwed to the base of 
the machine, or to a piece of iron bar, bent as 
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shown at b. A stout iron arm, c, fitted at one end 
with a flat spring, d, is mounted above the magnet 
so as to be attracted by it against the spring when 
a current passes. The free extremity of the arm, 
when attracted by the magnet, butts against a brass 
stud, e. The conductor from one screw of the 
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PLAN. 

Fig. 12- — Safety Currmt Ibtermptar. 

machine is connected to the arm, and to the brass 
stud e, one end of the magnet helix is made fast ; the 
remaining end of the helix leads as one pole of the 
circuit to the vat The whole forms a simple kind 
of electrical interrupter, with a resistance of about 
looth of an ohm, or, practically, nothing; which 
signifies that it acts as no hindrance to the current. 
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Normally, the arm butts against a piece of ebonite 
fixed above e. It will now be apparent that if, under 
those conditions, the d3mamo-electric machine be 
set in motion, it cannot begin to pass a current into 
the vat, or even give rise to one, because its circuit 
is open. This may be considered a great advantage 
in itself, because no action can take place, if so 
required, in the absence of the attendant, and the 
current cannot begin to pass until he presses down 
the arm. It will be observed that when the arm is 
pressed down to start the current its end touches 
the brass post and completes the circuit ; the self- 
same action makes the iron column magnetic, and 
it retains the arm in the required position so long 
as the current continues to pass without an inter- 
ruption. But when the machine is brought to a 
standstill its current fails, the arm is, of course, re- 
leased by the now weakened electro-magnet, and 
the circuit is without fail throixm opetiy and is safe 
enough, because no counter action from the bath can 
possibly enter the machine to reverse its polarity. 

This arrangement is covered by no patent, and 
may be freely adopted by the reader. Its chief 
object is to render the throwing open of the circuit 
a certainty, in the simplest way, most easily con- 
trolled. It may, in the case of the machine being 
fixed at a distance from the electro-typing room, 
be fixed at any part of the circuit, preferably to 
the bench or wall near to the anode end of the vat, 
so as to be near at hand. It will be observed that 
should the circuit be opened by accident, even for 
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an instant, the interrupter will rise and render its 
re-formation impossible without the knowledge ot 
the operator responsible for the work. 

In one patented device of the kind alluded to 
above, a vessel of mercury is caused to rotate and 
to make contact by the rise of the metal ; in another, 
a steam-engine governor with heavy balls and 
complicated mechanism is employed for the same 
purpose. 

Dynamo-Electric Machines adapted far Electrotype 
ing. — ^The machines manufactured byM. Gramme, 
of Paris, are in many respects best adapted for the 
purposes of the electrotyper. The smallest size 
is in length 18 inches, breadth 14 inches, and 
height 16 inches; its weight is i^cwt. ; it should 
make 1,600 revolutions per minute. When ar- 
ranged by the maker for quantity, it yields an 
electro-motive force equal to two or three Bunsen 
cells and a current of 40. The power with which 
it may be driven may be taken at from i to i^ 
horse-power. Its cost at present is from ;^55 to 
:^6o, but the prices of all machines are falling. 
In ordering it should be stated that the machine 
must exhibit an electro-motive force of two Bunsen 
cells of half-gallon size, and a quantity of about 
40. This is called arranged for quantity, but the 
same machine may be had wound for tension. The 
French dep6t is in Paris (M. Breguet, 81, Boulevard 
Montparnasse). For fuller information concerning 
these machines the reader is referred to pp. 104 — 1 1 7 
of the author's ** Electric Light." 
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Maxim's machine is made in New York ; it is in 
some respects similar to Siemens' machine. 

Weston's machine is well adapted for the depo- 
sition of copper, but it cannot be said to be so 
economical of power as the improved Gramme 
and Siemens' machines. The cost of a medium- 
sized machine is ^60. It absorbs about 2^ horse- 
power. The French agents are A. W. Kipling 
& Co., 55, Boulevard Saint Martin, Paris. 

Schuckert's machine is the Gramme machine, as 
spoken of above, with one or two alterations of no 
moment. It is used in one or two establishments 
in London. 

Wilde's machine (Henry Wilde, engineer, Man- 
chester) has been extensively lised for all kinds of 
electro-deposition. An idea may be formed of the 
power of those magnificent machines when it is 
stated that one of them (largest size) at the workt( 
of Messrs. Elkington, near Swansea, deposits four 
and a half hundredweights of copper in twentyr 
four hours. They are specially well adapted to 
service where the work is unusually large, as in 
the deposition of copper statues. Many of the 
figures which adorn the Albert Memorial in Hyde 
Park were deposited by Wilde's machines. (See 
" Electric Light," p. 93.) 

Siemens' machine (Siemens Bros., 12, Queen 
Anne's Gate, London, S.W.) is well adapted to all 
purposes. A small size is sold at ;£6o. In size 
and weight it is similar to Gramme's small 
machine. The power required is the same. 
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Much information of a technical character which 
cannot conveniently be embodied here, and relat- 
ing to all kinds of machines, will be found at 
PP« 33 — 164 oi the author's treatise on "Electric 
Light." 

Measurement of Currents. 

The practical electrotyper seldom measures his 
currents in the true sense of the term. He roughly 
obtains an indication of the strength of his battery 
in some arbitrary unit of his own, but more often 
by means of a kind of guesswork, based mainly 
upon the length of spark his circuit will yield when 
the two wires are suddenly separated, or by means 
of some rough surface (as a file) upon which one of 
the poles may be rubbed while the other is con- 
nected to it. He also frequently places the extre- 
mities of the wires upon his tongue, and can form 
some opinion, within wide limits, whether his 
current is abnormally weak or strong. 

Although these rough-and-ready means of guess- 
ing at the strength of the current are not to be 
recommended to those who would advance in the 
art beyond mere manipulatory skill, they are, 
nevertheless, not to be despised. Some of the 
most remarkable electrotypes yet produced have 
been deposited by electrotypers who never used 
an instrument for measuring electrical currents. 

An instrument for detecting the presence of a 
current is represented in Fig. 13. It is a simple 
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galvanometer and is suitable for rough work. 
Under the name of "telegraph detector," it is 
obtainable commercially. 

The strength of a current means its work'power. 
Thus, a current that will deposit two ounces of 
copper per hour is just twice as strong as one 
which will deposit only one ounce per hour. The 
recognised electrical unit of current is termed the 
farad ; it is likewise known as a weber or veber, 
which is the term used by 
Mr. Latimer Clark in his 
" Electrical Measurement," 
and throughout this work. 
Xts actual physical signi> 
ficance must be studied in 
some such treatise as Jen- 
kin's " Electricity and 
Magnetism ; " what we 
'^^^~ have to do here is to give 

'* '^ "Sto:™" '^''"*"' some idea of its magnitude 
as expressly applicable to 
the requirements of the electro-depositor. 

A Weier per second is about equal to the current 
given by a Daniell cell of large size through a 
small resistance. This current will deposit about 
seventeen grains of copper per hour when the total 
resistance is one ohm. 

The Ohm. — ^This is the unit of resistance to the 
current. Some idea of its m^nitude may be 
gathered from the fact that 485 mfetres of pure 
copper wire i millimetre in diameter at 32° F. would 
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offer a resistance of one ohm. Or we may rouj^hly 
take 6 feet of No. 36 Birmingham wire-gauge 
pure copper wire as about equal to one ohm. The 
internal resistance of a Daniell cell of about two- 
gallon capacity is sometimes rather less than one 
ohm. 

The FJ?//.— This is the unit of electro-motive 
force, or the intrinsic pushing power of the battery. 
Some idea of its magnitude may be gathered from 
the fact that a DanielFs cell is frequently taken as 
about equal in tension to one volt, but the real 
force is 1*079 volt. 

It will be particularly observed that, although 
these rough definitions of the electrical units are 
g^ven here to aid the reader, their real meaning 
should be sought in a good text^book of electricity* 
The methods by which electro-motive force is deter-^ 
mined should also be sought there. At p. 67 a 
list of the forces of the different cells employed in 
electro-typing will be found, and a comparative 
list at p. 63. 

The internal resistances of cells cannot, of course, 
be definitely given, as they depend upon the size 
of the plates and upon the conductive power and 
thickness of the liquids within the cells. A com- 
parative and probable list of internal resistances 
Will be foxmd at p. 67, but all such figures must 
be accepted with much caution, because they are 
apt to be very wide of the mark. 

The current or actual quantity of electricity 
passing may, however, be determined in an abso- 
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lute unit, or more conveniently in an arbitrary unit 
for use comparatively. These measurements may 
be made either by a galvanometer or a voltameter. 

The Galvanometer is an instrument based upon 
the property of the current to deflect a parallel 
magnetic needle to a position at or about right 
angles to it. Thus, if a magnetized needle, or 
a compass needle, centrally supported or hung, 
be brought near to a parallel current wire, it will 
immediately deflect from its position to an extent 
dependent upon the strength of the current. Thus a 
weak current might deflect a needle 5 degrees, 
while a current twice as strong would deflect it 
about 9 degrees. 

It will thus be observed that the current strength 
cannot be read direct from these galvanometers, as 
a deflection of 30 degrees does not signify that the 
current passing is only twice as strong as a current 
gfiving 15 degrees. The strengths producing the 
deflections are something approaching to the ratio 
of the tangents of the angles ; but no definite infor- 
mation can be obtained from ordinary galvano- 
meters unless their dials have been graduated by 
being compared with a tangent or sine galvano- 
meter, the only instruments of this class capable of 
affording results which can be measured. 

The mathematical explanation of the method by 
which readings from the tangent galvanometer 
may be corrected is to 'be found in most text-books 
of electricity. The instrument itself (Fig. 14) con- 
sists of a circle of strap copper or brass about a 
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foot in diameter. The extremities of this hoop are 
furnished with connecting screws. In the centre of 
the circle is placed a small magnetic needle, usually 
furnished with a style or pointer of some light sub- 
stance, such as coloured glass or aluminium. The 
copper circle is placed in a vertical plane, and 
the small magnetic needle occupies an horizontal 
one over a graduated 
card. The needle being 
small when compared with 
the inducing circuit, the 
result is that, lying in 
any direction, the needle 
holds the same relative 
position to the disturbing 
powers of the ring; so that 
the error of long needles, 
which applies to common 
galvanometers, is here al- --^^iiijBBii^^i 

most entirely eliminated, '^ 

and therefore the indica- ^g. M.-Taagent G^™HH«t«. 
tions obtained are, as the tangents of the angles, 
read irora the diaL 

But even tangent galvanometers cannot be used 
to obtain measurements in absolute units until they 
have been compared with a standard instrument or 
with the results obtained from the voltameter. 

The Voltameter usually consists of a glass vessel 
partly filled with acidulated water. Two small 
platinum plates are placed near to each other in 
the liquid, and are connected by wire to external 
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binding screvs. When the current to be measured 
is passed the water begins to decompose, and the 
gases, oxygen and hydrogen, are collected by 
means of a tube, or they may be allowed to ascend 
into two graduated glass tubes (Fig. 15), so that 
their volumes may be measured. The unit of cur- 
rent may be taken as that which will give off em 
cubic centimetre of gas per minute. Double the cur- 
rent, and the flow of gas will be doubled also. The 
work-power of the current is ex- 
pended in the decomposition. One 
weber per second will decompose 
'OO142 grains of water. This in- 
strument is exceedingly useful to 
the electro-depositor ; it is low in 
first cost, or may easily be made 
by himself; it is understood with 
ease, set in action quickly, and 
when a graduated tube is provided, . 
fi^im which the gas may displace 
the water as it ascends, the trouble 
is reduced to a minimum. An element of error 
— ^which, however, is insignificant under ordinary 
circumstances — is introduced when the current 
is much weakened by the resistance of the volta- 
meter. 

The voltameter is not well suited for measuring 
currents from one cell only ; two or more cells 
are usually required to decompose the acidulated 
water. 
. A small coppering cell, with plates which can be 
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weighed, will answer every purpose whether one 
or more cells be used. 

Ordinary Galvanometers are simply magnetic 
needles, variously hung and supported, around 
which coils of wire are wound, leaving a chamber 
for the needle. The circuit, for use in electro-depo* 
sition, should oflfer little resistance. Ten or twelve 
turns of No. 1 6 silk-covered copper wire will usually 
answer very well. The length of the coil should be 
such as to allow the needle free motion within it. 
The needle should carry a pointer, moving over a 
graduated dial. Equal deflections upon the same in- 
strument always indicate equal currents ; but it must 
be remembered that the degrees have no real mean- 
ing in relation to units. Many of these instruments 
have two circuits — a long one of high resistance 
for weak currents, and a short one of low resist- 
ance for stronger currents. The deflection in 
either will, in most cases, have to be reduced, by 
means of a shunt-wire, to a convenient angle. 
Differential galvanometers have two equal circuits, 
and the two currents to be compared are passed 
through the instrument in opposite directions. H 
the currents agree the needle will not deflect, 
because the force tending to the right is equal to 
that tending to the left ; but if one current should 
be stronger than the other, the needle would deflect 
to that side. It is impossible here, howeveir, to 
examine the different kinds of work which may be 
done by means of each of these instruments. The 
reader is again referred to a standard text-book for 
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more extended information. Fig. i6 represents a 
very sensitive galvanometer on the astatic (double 
needle} principle. 

Spragu^s Galvanometer, — Mr. J. T. Sprague 
patented, in tlie year 1869, a galvanometer capable 
of indicating the work^-power of a current at once 
upon its dial;- by its aid resistances may also be 
Indicated. It is expressly constructed for the u^e 
of electro-depositors. 



e^ 




-^i 




n^. iSd<-A>Uitlc GdvutooeEer. 



Fig. 1 7 represents a small bichromate cell (p. 53), 
which will be found extremely useful in various tests. 

Measurement of Resistance. — A few remarks on 
the determination of the internal resistance of 
batteries and of depositing solutions may not be 
out of place, while they may encourage the reader 
to more correct methods of working. It must be 
observed, however, that these instructions should 
be followed up by reference to some such work as 
Sprague's " Electricity " or Jenkin's " Electricity 
and Magnetism " for fuller information. 
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By Ohm's formula, when the electro-motive force 
and current are known, the determination of the 
resistance of a cell is as follows : — 

E x> ^ Electro-motive force ^ . 

C = ^''' OHF^S =Resistance. 

The galvanometer method is, however, more 
generally applicable in the work of the electro- 
depositor. A tangent galvanometer must be used. 
Connect up the cell through such a (known) resist- 
ance of wire as will produce a convenient deflec- 
tion ; add known resistance until the current-value 
of the deflection is exactly halved. As the current 
is halved the resistance has been doubled, and 
deducting the external resistance gives the in- 
ternal, or we may simply find the difference 
between the first and. second added resistance, 
because it is. equal to that of the cell. These 
resistances may be obtained from resistance coils, 
in Ohm's units. They may also be added by 
means of Wheatstone's rheostat, the wire of which 
should be graduated to read ohms. The volta- 
meter, or a cell in which copper is deposited, may 
likewise be employed to measure the resistance 
of a circuit exactly as if it were a galvanometer, 
except that gas must be measured or the copper 
weighed. 

In all such work the operator should be careful 

to avoid the introduction of errors, by means of 

leading wires too thin or other resistances not 

usually calculated. Voltameters for large currents 

may have plates about one inch square; but for 

H 
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small currents they should be ias small as possible, 
graduating down to mere points. The work of 
dynamo-electric machines may be measured as 
given above; but the apparatus should be largef 
and less liable to injury by the current. The in- 
ternal resistance of a dynamo-electric machine is 
seldom so great as one ohm. 

The usual indicating galvanometer employed 
upon dynamo-electric machine circuits consists of 
a large needle, moving freely over a graduated 
half-circle. The base of the instrument is simply 
pressed against the leading wire from the machine ; 
no coil is used. This forms, of course, a mere 
detector of the current, but it may be mentioned 
that equal deflections indicate equal currents^ on 
this as on other galvanometers. 



CHAPTER IV. 

The Solutions. 

He who would master the art of compounding 
and successfully working an electro - depositing 
solution must ground his experience upon the 
fundamental principles underlying electrolysis. 
No great difficulty is presented here ; an hour or 
two of intelligent study of the first chapter in this 
voliune will be found to go a long way to clear up 
the mystery ordinarily presented to the electro- 
typer in treatises on electro-metallurgy. Hence, 
to pass beyond the st^e of "knowledge" de- 
signated by the words "rule-of- thumb," the electro- 
typer should strive to gain a firm hold upon prin- 
ciples as far as they apply to the practice of his 
art. Apart from the laws of the current, which 
should be intelligently understood, the reader 
should be able to judge of the following points in 
the chemical and physical constitution of a solu- 
tion. 

It is of the first importance to know whether the 
solution is really an electrolyte (many solutions 
are not electrolytes), and whether its chemical 
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composition will admit of the deposition of its 
metal in the malleable state. This even is not 
enough ; it must also possess the power of dis- 
solving the anode with sufficient freedom without 
retarding the actual current or redissolving its 
cathode. This simply means that it must contain 
a given amount of water, free alkali or acid (as 
the case may be) ; that it is sufficiently fluid to 
allow of free circulation ; that its action upon the 
anode shall be just fast enough to compensate for 
the loss of metal deposited upon the cathode plate; 
and that its temperature is correct for the quality 
and hardness of metal required and the current 
employed. 

Not less important is the question whether it is 
a good conductor of electricity ; for, although this 
may in some cases be allowed for by regulating 
the electro-motive force in circuit, a solution low 
in conductive power is a constant source of trouble 
and expense ; it also becomes unduly heated, and 
other complications arise, which render the free 
deposition of tough, good metal very difficult. 

Of that class of solutions which do not conduct 
electricity (in the ordinary sense of the term) tetra- 
chloride of tin may be cited as a good example ; 
such solutions cannot, therefore, be called electro- 
lytes. Nitrates in any solution render the de- 
position of metal almost impossible, because of the 
high oxidizing power of the liberated acid. 

The best solutions in use are those in which, 
sulphates and cyanides form the chief element. 
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They are easily made, understood, and managed, 
and are all good conductors. 

Solutions for the deposition of copper may be 
made in two ways, i. The salts may be prepared 
or provided and simply dissolved in the water 
with a percentage of sulphuric or other acid ; this 
is known as the chemical method, although as 
applied to copper solution it is a mere mechanical 
mixing. 2. The battery may be brought into use 
and the salts formed in the solution from the 
metal by its aid. This is known as the battery 
method. 

Each of these methods has its advantages. In 
the practice of the chemical method it is necessary 
first to prepare the ingredients, which should be 
fresh and free to dissolve, then to mix them in the 
required bulk of distilled or filtered rain water. 
The battery method consists in employing (say, for 
a copper solution) a copper plate as an anode in 
an acidulated mixture (water and sulphuric acid) 
and another plate of ordinary metal, but preferably 
of copper, as a cathode. A current from a cell 
or two is now passed in the ordinary way. In a 
short time a sufficient quantity of metal will be 
found dissolved off the anode, and when the solu- 
tion is in a condition for working a deposit will 
appear upon the cathode. If the anode be weighed 
before being placed in the solution, and again after 
the current has dissolved off a sufficient weight of 
the metal, the true ratio which must exist between 
the amount of metal and volume of liquid will be 
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ascertained. This is the operation of nature, and 
affords a most instructive lesson in the art of 
electro-deposition. 

Copper Solution for the StngJe-^sJl Process. — ^A 
solution for the single-cell process of deposition 
(p. 25J, suited to the coating of most metals ex* 
cept steel, iron, and zinc, and also well adapted 
for the production of small electrotypes from car- 
bon-faced moulds, consists of a nearly saturated 
solution of cupric sulphate, with a small percentage 
(a few drops) of sulphuric acid added. 

Copper Solution for the Separate Current Process. 
— Prepare a saturated solution of copper sulphate, 
by pouring hot water on the crystals, of nearly the 
bulk required ; add to this, for each gallon of solu- 
tion, a quart of water, and finally stir in, for each 
gallon of solution, four ounces of sulphuric acid. 
In the preparation of the solution it should be 
noted that by "saturated'* is signified that state 
of the liquid when it will not dissolve any addi- 
tional salt. The crystals may be dissolved in a 
separate vessel, and then poured into the de- 
positing trough, or the trough may be nearly 
filled with warm water, and the crystals dissolved 
into it from a few muslin bags suspended in the 
liquid. 

The water employed may be rain water, filtered ; 
but in cases where there is much chance of bringing 
foreign metals into the liquid, such as from dust, 
&c., from housetops, it will be found better to use 
distilled water. All water used, except distilled, 
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should be filtered, or the solution may be filtered 
when completed. 

This solution is well adapted for most purposes 
of the electrotyper, and has been tested repeatedly. 
It will deposit well upon metals or blackleaded 
moulds, and will be found to dissolve the anode 
freely while the current is passing. Some electro- 
depositors use a much larger percentage of sul- 
phuric acid, but this is seldom required, except in 
very cold weather. Further directions for the care 
of these solutions are given at p. 105. 

Alkaline Copper Solution for Deposition upon Iron 
and Zinc.-^The acid solutions are not adapted to 
the deposition of copper upon such metals as iron, 
zinc, pewter, &c., because these are attacked by, 
and combine with, the acid radical, as explained 
at p. 1 6. An alkaline solution, which, when not 
aided by the current, has no effect upon these 
metals, is therefore employed. 

It may be made by the battery process as fol- 
lows : — Dissolve six ounces of good quality cyanide 
of potassium in a gallon of water, place this in the 
depositing vessel, and pass a current from a cell or 
two by means of a thick anode and a cathode or 
receiving plate of iron — ^in short, work the solution 
as in depositing until a coating of copper appears 
upon the cathode. The action at work is really 
the slow dissolution of the copper anode by the 
aid of the current, and its transformation into 
cyanide of copper. It will be obvious, however, 
that, as this process leaves the potash of the com* 
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bined cyanide in the liquid, it is not so well 
adapted to work which should conduct very freely. 
The potash at least does no good. 

It is better to make up the solution chemically 
by preparing the necessary quantity of cyanide of 
copper as follows : — Prepare a solution of copper 
sulphate, and also one of cyanide of potassium; 
add the latter to the former, when a copious deposit 
of copper cyanide will take place. The liquid 
should be poured off and the residue washed, 
when it may be finally dissolved in a fresh solution 
of cyanide of potassium (two pounds to the gallon) 
to form the depositing liquid. As the cyanide 
of copper is not freely soluble in the potassium 
cyanide, it should be dissolved to saturation. Free 
cyanide should be afterwards added to the extent 
of two ounces per gallon. This will promote rapid 
working, but there is also a stronger tendency to 
give off hydrogen at the cathode, the deposit in 
which may contain large quantities of the gas. 

This solution works best when at a temperature 
of about 1 00° F., but a strong current will throw 
down its metal at 80° F, 

Roseleur recommends a solution made as fol- 
lows: — Reduce 20 parts of acetate of copper to 
powder, and rub it to a paste with a little water ; 
add to it 200 parts of water containing 20 parts of 
dissolved washing soda, and stir the mixture; a 
light green precipitate is formed; 20 parts of bi- 
sulphate of sodium are now dissolved in 200 parts 
of water, and the solution mixed with the former 
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one ; the precipitate becomes dirty yellow. And, 
finally, dissolve 20 parts of perfectly pure cyanide 
of potassium in 600 of water, and add it to the 
previous mixture. If the solution is not quite 
colourless, add more cyanide until it is so. This 
liquid may be used either hot or cold, and requires 
a current of moderate strength. 

Management of the Solutions, — It is sometimes 
very erroneously supposed that a solution, when 
it goes into work, changes and becomes weak, 
whereas the very essence of part of the electro- 
depositor's skill lies in his ability to keep the 
solution as nearly in its original condition as pos- 
sible. Having once secured a really good solution, 
by following out any of the foregoing sets of in- 
structions, the great object should be to keep it 
good. The solution may be looked upon as merely 
the dissolving medium in the operation of deposit- 
ing ; it should not give up a particle of its strength 
to the deposit, its true work being to carry the 
metal from anode to cathode. If it does this to 
perfection, the anode will be found to dissolve just 
as fast as the metal is deposited on the cathode ; 
if the solution should dissolve the anode too fast, 
its free acid or alkali will be absorbed; and, 
although this fault carries to a certain extent its 
own remedy, inasmuch as the acid can be recovered 
by working with a smaller surface of anode, the 
conductivity of the liquid will be impaired, and 
the deposition rendered sluggish. 

On the other hand, should the anode be dis^ 
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solved too slowly, that is, not fast emmx^ to make 
up for the metal deposited, the electrol3rte must 
naturally become weak and useless by the abstrac* 
tion of its metal. This fault may, to a certain 
extent, be overcome by the addition of free acid or 
alkali (as the case may be) to cause the anode to 
dissolve more freely. 

The range within which good copper may be 
obtained is, however, sufficiently wide to allow of 
reguline deposits being obtained from greatly dif- 
ferent solutions. Sulphate of copper solutions are 
usually very easily managed. In this respect they 
are superior to any other solutions used in the 
whole range of electro-metallurgy. This means 
that the current may be varied to a considerable 
extent without causing the deposit to exhibit de- 
fects. But although this is strictly true, it is none 
the less obvious that the working speed can only 
attain a maximum where solution and current are 
regulated to work together in mutual relationship 
in accordance with the laws expressed at p. zi. 
Quality of metal and speed of working are the two 
great aims of the electrot3rper. Some depositors 
work twice as fast as others, and yet obtain the 
toughest and best copper in their electrotypes ; but 
the latter class of manipulators either work from 
the teachings of long experience, or, better still, 
from a clear knowledge of the principles upon 
which their art is based. 

Allowing the strength of the current to be cor- 
rect, the required deposit cannot be drawn from 
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the solution because of the following defects. If 
the solution be too dense, by reason of too great a 
percentage of copper, the deposit obtained will be 
tardy in forming, and exhibit, in most cases, a 
xxystalline structure ; at best it will be brittle and 
liable to break away. IF the liquid should be 
poor in metal, the deposit is apt to have the oppo- 
site defect — a porous structure, quickly deposited. 

These faults may likewise be caused by the 
variations of temperature to which the solution is 
usually subject. So great is the effect of raising 
or lowering the working temperature that a differ- 
ence of five degrees frequently seriously affects the 
speed of working and the quality of the metal 
secured. 

Care should, however, be taken to insure that 
the anode and cathode have surfaces nearly equal 
to each other, or at least that the anode shall be 
the larger. If the anode be too small the deposit 
is apt to be brittle, and the rate of deposition will 
be seriously affected. 

If the current be too great in proportion to the 
amount of the receiving surface and the strengfth 
of solution, the deposit will prove spongy or 
coarsely granular. If the current be weak, the 
opposite defect of brittleness may exhibit itself. 
The current, however, within limits widely apart 
ordinarily affects the rate of deposition only. 

Streaks on the back of the electrotype indicate 
that the liquid is too dense, and contains too much 
copper for the volume of water. A heavy deposit 
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at the lower end of the cathode and a thin one at 
the top indicate the same defect. The cause of the 
latter fault is as follows : — ^When the solution be- 
comes overcharged with metal, its heavier portions 
settle at the bottom of the vessel, while the lighter 
acidulated water, or weak solution, occupies the 
upper portion of the vaL The consequence is that 
the current plays most favourably through that 
portion or stratum which conducts best, or answers 

m 

its strength, or it may act almost equally upon the 
cathode, and yet deposit different weights on dif- 
ferent portions of its face. When this defect exists 
for some time, it will be observed that the deposit 
upon the upper portion of the cathode frequently 
becomes dissolved, and that crystals of copper- 
sulphate form upon the plates and bottom of the 
vessel. This usually indicates a deficiency of water^ 
and also the want of stirring. 

The temperature of the solution should indicate 
as nearly as convenient 60® F., and this should be 
preserved in winter and summer. If the tempera- 
ture cannot be kept up to this, the battery power 
must be increased to obtain the ordinary quality 
and metal at the usual rate, or vice versa. Further 
guidance on many of these points will be found 
included in the instructions for depositing in 
Chapter VIIL, p. 189. 

No experiments should be made with the solu- 
tion, as the whole is thus apt to be rendered use- 
less for working. A small quantity of caustic soda 
will increase the rate of working; but its use is 
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not to be recommended, as the same rate can be 
obtained by proper attention to the current and 
size of anode. 

The electric current should always be adapted 
to the liquid, not the reverse. How to determine 
the necessary strengfth of current may be learned 
from a careful perusal of the instructions on p. 1 86. 

Quality of the Solution. — It should have no ten- 
dency to decompose its own deposit ; it should not 
be aflfected by the atmosphere, or by the action of 
light; it should dissolve the anode freely, and 
should yield a reguline metal with moderate bat- 
tery power at 60° F. 

Test for New Solutions. — ^Before a new solution 
(one not known to the operator) is tried upon a large 
scale it is wise to first test it for several defects as 
follows : — ^Place a quart of the mixture in a stone- 
ware vessel at 60° F. Employ an anode of clean 
copper one inch square, and a cathode of similar 
size ; weigh these before passing thp current. The 
cathode should be of blackleaded gutta-percha, 
if this is the moulding material to be constantly 
used. Pass the current from two Smee or Daniell 
cells, with two inches or more of space between 
anode and cathode. Observe, first, whether the 
current evolves gas at the plates. If a little gas 
appears, it may be stopped by slightly separating 
the plates ; but if much gas comes o£^ especially 
from the anode, there is a defect in the solution, 
and the current would be wasted upon thus decom- 
posing it. Test the speed of deposition by weighing 
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the plates ; the anode should lose about as much 
as the cathode gains. Test, the toughness of the 
deposit by bending it and hammering. 

The liquid should further be tested by exposing 
it to the air and light for some days, and observing 
whether it shows a sediment or begins to decom- 
pose. 

Reversal of Current in the Solution. — ^This pecu- 
liar counter-current is particularly to be avoided 
where dynamo-electric machines are used, and 
sometimes under ordinary conditions; it may be 
observed as follows: — Deposit a layer upon the 
cathode, and weigh it (the cathode]; place the 
cathode in the bath again and disconnect the bat- 
tery, but connect the cathode and anode by a wire. 
A counter-current, passing from the cathode to 
the anode, will be set up in most cases, and the 
cathode will lose metal while the anode will gain 
an equivalent amount. This may go on for a few 
minutes, when, another reversal may take place. 
In the case of employing a dynamo-electric 
machine as the source of current, the effect is 
generally to reverse the polarity of the machine, 
which upon again being set in motion will give a 
current in the wrong direction. Some machines 
have circuit-breakers to open the circuit when they 
are stopped, to meet this defect. (See also p. 84.) 

Iron-facing Solutions.-'^ A good solution for the 
deposition of iron in "steel-facing" electrotypes 
may be made as follows: — ^To each gallon of water 
dissolve one pound of carbonate of ammonium, and 
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dissolve iron into the solution by passing a strong 
current from an anode of iron until a deposit ap- 
pears upon a clean copper cathode. A few ounces 
of carbonate of ammonium should be stirred into 
the bath about once a week. The anode, which 
should be large in proportion to the work, must be 
cleaned occasionally. 

The solution most in use for the '* steel-facing " 
of printing plates is prepared as follows : — ^Prepare 
a solution of sulphate of iron, and another of car- 
bonate of ammonium. Add the latter to the former 
until the iron is precipitated ; pour off the liquid 
portion, and wash the precipitate. Take a bulk of 
sulphuric acid equal to the volume of solution re- 
quired, and dissolve the iron precipitate in it to 
saturation. If there should be any free acid it will 
retard the working ; it is therefore usual to evapo- 
rate the solution a little. 

From either of these solutions good iron may be 
obtained by the current of three or four Smee or 
Daniell cells, but a stronger current is usually em • 
ployed for quickness of working. The anode is 
always of iron, and the cathode of copper. The 
anode is usually from five to eight times larger 
than the cathode, to prevent the solution from be- 
coming acid. It is also advisable to leave the 
anode in solution when not in use, and to connect 
it by a wire to a cathode of platinum or copper to 
prevent the formation of acid, and to keep the bath 
as dense as possible. The metal obtained is usually 
as hard as good steel, but becomes soft and malle- 
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able after heating. It is highly important to have 
a solution which yields a crystalline and very hard 
coating of iron. 

A coating obtained from a solution of sulphate 
of iron and chloride of ammonium yields an ex- 
ceedingly hard deposit of the purest iron, and it is 
thus well suited to the coating of small and very 
fine electrotypes of steel engraved plates. Plates 
coated in this solution have been known to yield 
as many as 10,000 impressions in printing, all 
sharp. 

All solutions made from sulphate of iron simply 
are very troublesome, and are constantly acted 
upon by the air, thus spoiling the solution. The 
salts in these solutions pass to a higher state of 
oxidation by absorption. 

Management of the Iron Solution. — ^All iron solu- 
tions should be kept as much as possible from the 
air, owing to their tendency to absorb oxygen and 
pass into persalts. It is believed that the oxygen 
which is frequently set free at the cathode may be 
absorbed by the deposit, which is thus apt to be 
porous when of any considerable thickness. When 
a solution has become spoiled by the action of the 
air, it may be deoxidized by passing a constant 
current for many hours from an iron anode to a 
copper cathode. Some electrotypers add a little 
glycerine to the solution to aid in its preservation. 
Some solutions constantly deposit a slimy layer of 
impurities upon the anode, which must be kept 
clean. 
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A layer of solid paraffin may with advantage be 
melted over the surface of small bulks of iron solu- 
tion. This has the effect of screening them from 
the air to a great extent ; but it is only applicable 
in cases where the anode and cathode are always 
placed in the same position. 

Iron deposited from solutions in which glycerine 
has been dissolved is apt to begin to crack when a 
moderate thickness is attained, but this never 
takes place within the thickness required for the 
facing of electrotypes, except the glycerine be 
present in excess. 

Inexperienced workers usually deposit defective 
iron with numerous holes. This is almost always 
due to too great a percentage of free acid and too 
strong a current. Acidity should frequently be 
tested for with blue litmus-^paper. 

When thick deposits are required from a solution 
the battery power must be comparatively weak, or 
they are apt to contain large volumes of hydrogen. 

Iron solutions should be added to when iron is 
required from an anode of iron as pure as possible. 
Cast iron should never be employed. Charcoal 
iron is the best; failing that, wrought plates may 
be used. Acid and ammonium carbonate or chlo- 
ride (as the case may be) may have to be added 
occasionally to make up for the oxidized salts, but 
much care is necessary not to materially change 
the composition of the bath. The solution works 
faster and conducts more freely if slightly heated. 
(See also Chapter IX.) 
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Nickel Solution. — In many respects solutions 
for the deposition of nickel are similar to iron 
solutions, and the process itself is almost the 
same. 

The nickel solution is generally made from th« 
salts direct, but as these are not always procurable 
at a fair price it may be made by the battery pro- 
cess, or the salts may be formed from commofi 
grain nickel direct, as follows : — Select a deep 
glazed vessel, into which pour three parts of strong 
nitric acid, one part of strong sulphuric acid, and 
four parts of water, all by measure; mix with a 
glass rod. To each gallon add two pounds of com- 
mercial grain nickel, and heat the mixture by 
placing the vessel in boiling water. Care should 
be taken to avoid the fumes given off. If the 
action should become violent add a little cold 
water, or moderate the external heat. Stir occa- 
sionally until all the nickel is dissolved. If the 
liquid will dissolve more, add it until the solu- 
tion is saturated with nickel. When fully prepared, 
the solution gives over fuming and feels heavy and 
dense. Stir in one-fourth its bulk of hot water, 
boil it, and finally filter. This is a strong solution 
of the sulphate of nickel. Dissolve next sulphate 
of ammonia in hot water until saturated, about 
four pounds to the gallon ; prepare a volume cor- 
responding with that of the previous solution. 
Allow to cool, and add the ammonia solution to 
the nickel one with agitation until the latter loses 
its colour. A precipitate of the double sulphate of 
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mckel and ammonia will take place. Decant the 
liquid portion, and wash the resulting double salt 
with a little cold ammonia solution. 

The depositing solution may also be prepared 
from the double salt as obtained in commerce. In 
either case dissolve the compound in hot water to 
saturation j afterwards dilute with water until a 
Twaddle hydrometer indicates a density of seven 
degrees ; or simply dissolve three -fourths of a 
pound to each gallon of water. The solution should 
be neutral* or nearly so ; that is, neither acid nor 
alkaline. To ascertain this, test it with blue 
litmus-paper ; if the paper be turned red, increase 
the alkali by adding aromoola sulphate. If red 
paper be turned blue, increase the acid by adding 
nickel sulphate until the mixture is as nearly as 
possible neutral. If there should be a tendency 
to either side in working, it is better to have it 
rather alkaline. Anodes for this solution should 
be of nickel plate (cast), which may be procured in 
commerce ; they should be larger than the cathodes. 
Particulars for working are given in Chapter IX. 

SrasS'Facing Solutions. — ^Although it is to a cer- 
tain extent true that the current exerts a kind of 
selective influence upon the metals that chance to 
be present in an electrolyte, it is a great mistake to 
suppose that metals deposited by electricity must 
necessarily be pure. When an alloy is in solution, 
a weak current will select and throw down the one 
most easily separated, but when there is a suffi- 
ciency of force both metals are deposited without 
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gard to their nature. Hence brass, an alloy usually 
of seventy-one parts copper to twenty-nine parts 
zinc, may be deposited by electricity, and forms an 
excellent protective facing to copper printing plates, 
although it is in this respect inferior to iron. Its 
most obvious advantage would appear to be that 
brass is found to take and print colours, the ver- 
milion in some varieties of which destroys the 
copper face by combining with it. But the most 
extensive application of brass facing is in relation 
to bookbinders' tools and such stamps as are 
frequently heated. 

A good solution for the deposition of brass of a 
hard nature may be made as follows : — Dissolve in 
one thousand parts of water twenty-five of copper 
sulphate and twenty-five to thirty of sulphate of 
zinc ; or twelve and a half of acetate of copper and 
twelve and a half to fifteen of fiised chloride of zinc. 
Precipitate the mixture by means of one hundred 
parts of carbonate of sodium dissolved in plenty of 
water, and stir the mixture. Wash the precipitate 
several times by adding water to it, stirring, and 
allowing the precipitate to subside, pouring the 
clear liquid away. Add to the washed precipitate! 
a solution composed of fifty parts of bisulphite of 
sodium and one hundred of carbonate of sodium 
dissolved in one thousand of water, and, whilst 
stirring, add a strong solution of ordinary cyanide 
of potassium until the precipitate is just all redis* 
solved, then add three parts of free cyanide. This 
solution is used warm or hot. (Roseleur.) 
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A current from five to six Bunsen cells in full 
force should be passed into the bath. The anode 
should be of brsiss. When the deposit is white it 
is usually caused by too strong a current, and when 
red the current is probably too weak. 



CHAPTER V. 

Depositing and Moulding Apparatus. 

The apparatus to be described in this chapter con- 
sists of the depositing or solution vessels and all 
their furniture, including conducting-rods between 
the electric source and the vessels; also moulding 
apparatus, used in taking the matrix from all kinds 
of flat-surface work, and devices for obtaining the 
pressure required in forcing the work and mould 
together. These include the chief pieces of appa- 
ratus employed in electro-tjrping, excepting the 
source of electricity, which receives special notice 
in Chapter III. 

Depositing Vessels far Small Operations. — ^The 
depositing vessel employed in obtaining electro- 
type copies of such small objects as medals, or any 
object up to three inches in diameter, is in most 
cases the containing pot of a Daniell cell (p. 25), 
the zinc and porous diaphragm of which also serve 
as a source of electricity. This is known as the 
single-cell depositing apparatus; it is slow in 
work, but gives little trouble, and can be made to 
deposit the finest possible electrotypes. The pro« 
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cess itself is described at p. 26 and p. 180. But 
small operations which are required to be accom- 
plished quickly, so as to obtain a good strong 
electrotype in about ten hours, should be conducted 
entirely in a separate depositing vessel. Its size 
must be in proportion to the magnitude of the 
work, but it is always well to err on the side of 
having too large a depositing vessel. Square and 
oblong troughs of brown glazed earthenware are 
obtainable now at philosophical instrument shops 
in all ordinary sizes. One 12 by 8 by 6 inches will 
prove an excellent trough for all small operations. 
This shape of vessel is more convenient than a 
cylindrical celL The same vessel may be made 
from good teak well jointed and thoroughly coated 
two or three times within with marine glue or 
gutta*percha (p. 148). Wood may prove more 
troublesome at first, but it offers a convenient 
means of fastening anode and cathode, conducting- 
rods, and terminals to the trough. A very con- 
venient and easily fitted set of connections may be 
placed upon a vessel of this description as follows*.* 
— ^Mark off the half of the length upon the upper 
edges of the trough, bend (angular) two pieces of 
frinch copper or brass tubing to extend along each 
<end and both sides of the trough. They should be 
made of a U shape^ but with angular bends ; the 
length of the legs should allow the two pieces, 
•when laid upon the edge of the vessel, to nearly 
meet at the central line marked off. They should 

be scr-ewed in position with three screws each, and 
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a wire clamp or terminal {p. 56) should be soldered 
to each at one side of the trough where the rods 
nearly meet. The anode and cathode rods, con- 
sisting of straight pieces of tubing of the same size, 
two inches or so wider than the trough, may be 
conveniently laid across their respective ends and 
approached or separated as required. Fig. 18 
exhibits the depositing vessel complete- 
In order to keep the top edge and connections 
of the vessel dry, which is a matter of some im- 
portance, to prevent leakage of electricity from 
one end to the 

ir_^^_*^ wood may be ar- 

ranged to rise 
from the inside 
of the trough 
nearly to the 
height of the tub- 

ng..8.-S„,alIEI«tro..rpi»BVat. J^g The COSt of 

such a vessel, made soundly of teak, and fitted as 
described, should not exceed five shillings. It is 
adapted for the production of electrotypes up to 
3 inches in diameter, so that all kinds of small 
woodcuts can be copied in it, up to 3 inches wide 
by about 5 inches long. The anodes for such a 
depositing vessel should be of |-inch copper plates, 
5 by 3 inches, provided with a pair of soldered 
stout copper hooks, to sling upon the anode rod 
and allow the plate to reach within 1 inch of the 
bottom. Two smaller anodes, for small work, 




DEPOSITING VESSELS. 121 

should also be at hand, because the cathode and 
anode should nearly agree in size ; these may be 
3 by 2^ inches and 2 by i inch respectively. This 
completes the apparatus ready for receiving the 
solution (p. 102) and commencing electro-deposi- 
tion. The same vessel may be employed for the 
deposition of any other metal, such as silver or 
iron. In such cases the anode must be of the 
metal to be deposited. When in use it will be 
found advantageous to siphon off the solution 
after each electrotype has been deposited, and to 
clean out the vessel of anode sediment. The solu- 
tion may also be strengthened, should it be re- 
quired, before being replaced. After a time the 
rods will become oxidized and retard the passage 
of the current. To prevent this emery cloth should 
be used to brighten them before putting into use. 
The binding screws should likewise be kept clean, 
and must clamp the battery wires securely. The 
battery should always be placed behind the trough, 
so that the front of the latter may be free for 
inspecting purposes. With such a depositing 
vessel, a pair of Smee, Daniell, or bichromate 
cells of two-quart size will form a battery of ample 
strength. (See p. 21.) They may both be used, 
joined for electro-motive force, in driving a deposit 
over a blackleaded matrix; but one will prove 
sufficient when the surface has been covered. 
A 3-inch electrotype of a wood-block may be 
taken out in about twelve to twenty hours. (See 
Depositing ProcesSy"^. 182.) 
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DeptniHng Vessels f&f the Larger Operaiiam.'-'^The 
dimensions of vats for oifdinary large work vary ; a 
good size for a printer's elecferotyper is 5 x 3 x 
3 ft., and larger or smaller in proportion for large 
or smi^n art-work. From 100 to 300 gallons <^ 
solution may be worked by the battery or dynamo- 
electric machine. 

The choice of material should be made from 
wrought iron (boiler-plate) or wood lined with 
sheet lead. The best possible vat is one made 
from moderately stout boiler-plate enamelled miibin\ 
such a vessel possesses all the advantages of a 
porcelain one with the strength of an iron one. A 
vat of boiler-plate, made tight and afterwards 
careftiUy painted within, while warm, with marine 
glue (p. 148), serves the purpose very well, and 
gives no trouble. Wooden vats, made from good 
sesisoned teak well jointed, and afterwards secured 
with rods and nuts, may be employed if well 
painted with the marine glue mentioned alxwe. 
But they are neither so satisfactory in use or cheap 
in the end as iron vats. A wooden vat, properly 
lined with sheet lead, put in with burned joints, 
answers perfectly.; but it is frequently as expensivo 
as an iron one. 

Many other materials are in use as linings for 
wooden vats. Gutta-percha is common, but it 
perishes in time. Plate^glass is frequently em* 
ployed, bedded in cement, but it is at first expen* 
sive, and apt to be broken l^ articles falling into 
the vat. Slate is better, and is often used. A^- 
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phaltum IS frequently employed as a lining, and 
stands for some years if well applied at first. In 
the case of lining a wooden vat, It must be new 
and perfectly dry. The necessity for this condition 
prevents the possibility of thoroughly coating a 
vat for the second time ; hence the advantage of a 
carefully enamelled iron vat, which in good hande 
should last fifty years or more. Any accidental 
chipping of the enamel should be carefully covered 
with marine glue applied hot to the heated part. 
Pinholes of the larger size should be treated in the 
same manner. Care should be taken, in first fixing 
the vat, that it shall have a seating as equal as 
possible ; that is, the vat should not be so placed 
that when the heavy solution is poured in^ it may 
be twisted, so as to chip off the enamel. 

For dynamo-electric machine working the vat 
should always be deeper than for battery work. 
This will prove all the more necessary when a 
circulator of the solution (p. 191) is employed. 
One foot extra is usually enough. In deciding 
upon a depositing vat, it should always be re- 
membered that a large bulk of solution works in 
every way more satisfcLctorily than a small bulk. 
It gives a more uniform deposit in less time ; the 
component parts of the whole are not so easily 
disturbed by accidents; it dissolves the anodes 
more regularly than a small bulk of solution, and 
is in every way better adapted for rapid and good 
working. 

A vat to work surfaces not larger than two 
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4to matrix frames together should not contain 
Uss than 150 gallons of solution. There is no 
economy la working a smaU vat where a larger 
one can be used. It is found cheaper to work a 
600-galion vat than a 200-gallon one, even although 
the work be small enough to deposit in the lesser 
vat. Hence the solution should always be greatly 
in excess of what is absolutely required; and to 



2 



-Tif. 19.— Flan of large Electio.typSng Vat. 

some extent the same may be said of the current ; 
it should be rather in excess of what will do tiie 
work, because it always proves troublesome to be 
rather short of battery power, and to find that the 
difference of an inch or two further from the anode 
reduces the speed of working to one-half. 

It is quite probable, indeed, that a 50-gallon vat 
of solution will, with a small battery, cost 20 per 
«ent. more in working expenses than a 400-gallon 
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vat. Stndll bulks of solution often gfive trouble, 
but it is seldom that a large body needs renewal 
within five years of its establishment. 

Conducting Fittings for Large Vats. — The chief 
difference between the ftimiture of a small and a 
large depositing vessel arises from the fact that in 
the latter work of two sides must frequently be 
done, and two or more anodes must in consequence 
surround the article. The fittings mentioned in 
connection with the small vessel are arranged 
specially for flat work, or work which might be 
deposited upon one side at a time; but in larger 
operations we have frequently to deal with cases 
where several pieces of flat work to be done at 
once necessitate the use of conducting-rods repre- 
senting both poles at each end of the vat (Fig. 19.) 

The vat, whether it be of wood or iron, should 
be provided with a ledging of wood, about 3 inches 
wide, extending around its upper edge. The outer 
edge of this ledge should be half an inch higher 
than the rest, and extending along the surface of 
this should be fitted a rectangle of ^inch copper 
or brass tubing, raised if possible from the rim 
by means of studs at the comers and centres of 
sides. Another similar rectangle of tubing should 
be fitted to run round the inner portion of the 
wooden ledge. It also should be raised slightly 
from the wood in case of conduction taking place 
between the rectangles by damp or accidental 
spilling of solution on the ledge. A strong wire 
binding-screw should be soldered to each rect- 
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angle, to take the wires from the battery or 
machine. The oater rectangle should always re- 
present the positive pole^ and the inner one the 
negative. It will thus be observed that a vat so 
fitted can take in anodes or cathodes at any pari of 
the solution. Stout copper (inch tubing) rods, ac- 
cording to the numbet of anodes, extend across 
the positive rectangle^ So that they may be moved 
to any required pait of the Vat. Similar rods, 
short enough to move within the raised ledging 
above referred to, extend from one side to the 
other of the negative rectangle* If there should be 
any risk of the positive rods being displaced, th^ 
may be bent down at the ends to clutch the rod 
from the outside, and yet be free to move from 
end to end of the vat. Should the negative rods 
be apt to touch the positive rectangle, they should 
be fitted with plugs of wood, slightly projecting 
at the ends, or caps of gutta-percha \ but a sepa^ 
rating slip Of wood is more satisfactory* 

All these arrangements, when Completed, should 
be well painted with black varnish, except the upper 
surfaces of the rectangles, which must be kept clean* 
No solution should be spilled upon these conduct** 
ing arrangements. From one to fifty anode rods 
and an equal number of cathode rods may thus be 
at work in one vat at a time, there being no ten- 
dency to confusion or risk of conduction, except 
through the solution* It is advisable in most 
eases to have a means by which the rods may be 
fixed in one position when the work is once 
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adjusted as to distance from the atiode. Several 
simple device may be employed for this purpose* 
The anode rods may, as they are turned down 
at right angles at the extremities, be fitted at one 
AAd with a set-^screw, to jam hud against the posi' 
tive rectangle. One or a pair of circular, br nearly 
Circular "grips" may be fitted to each cathode 
tdd to grasp the negative rectangle nearly axvaoA 
the lower half, avoiding the fastenings ; the 
Cathode rods may thus be conveniently fitted each 
With a set-screw to jam against the rectangle at 




Fig. so.— Calico-printing Crlinder CoppeHng 1 



the point required. These means are vety simple 
and present great advantages over the old plan of 
laying the rods across the vat in notches cut in 
the wood, or in semicircular holders made fast to 
the conducting rectangles. In the first plan the 
adjustment may be regulated to a nicety ; in the 
old method it must be arranged to suit the notches 
and suppoits. 

Fig. 20 exhibits a plan of the vat as ar- 
ranged for coppering iron cylinders for calico 
and other printing purposes. It will be observed 



tiS ELECTRO-TYPING. * 

that fhe cylinder while it is being coppered is 
slowly revolved between two curved anodes, so that 
the deposit may be evenly distributed. Both anode 
rods are connected together to the left of the 
plan given ; the battery or machine connections 
are attached to the anode rod and cylinder bearing- 
blocks. These bearing-blocks are arranged by 
means of a stuffing-box so as to prevent the escape 
of solution from the vessel. The cylinder itself 
should be at least one foot under the surface. The 
rotating arrang ement must be made to allow of 
convenient and rapid disconnection when placing 
or removing the cylinder. 

Resistance Scales. — Upon the rectangles of well- 
arranged vats of this description scales of approxi- 
mate resistances can be marked. Thus, the resist- 
ance of a certain length of the solution having 
been determined, it may be marked in ohms upon 
the rectangles, as the whole vat will present re- 
sistance in direct ratio to this. It is assumed, of 
course, that the volume of solution and its density 
are to be kept as regular to a fixed standard as 
possible, so that the units marked off may hold 
good at all times. This method was first used by 
the author ; it enables the electrot3rper to fix upon 
his resistance, working either from experience or 
calculation, at once before placing in the work, and 
he may thus, to a great extent, rely upon the deposit 
being good and rapidly formed. In flat work, this 
method is a great aid and saving of time if once 
put into use. (See Resistance^ p. 96.) 
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Conducting Wires and Bands. — ^This subject is 
treated more fiiUy at p. 54, The conductors from 
batteries are generally wires, which should be of 
the No, 10 gauge. Straps of copper are generally 
used for dsmamo-electric machines, but they offer 
no points of advantage over cylindrical conductors, 
tmless it be that they are more easily bent. All 
conductors employed should be much stouter than 
is actually necessary, so that their resistance may 
be counted as nothing. When the conductors are 
long, such as from a distant battery, or a machine 
driven by a neighbour's engfine, they should be 
stouter in proportion, or even duplicated. Much 
care should be taken to fix the conductors cleanly 
into the binding screws at the electric source and 
at the vat itself. Conductors should always be led 
to the vat, so that they may not in any way 
interfere with the movements of workmen, and 
should be insulated with paraffined cotton or 
tarred twine. 

Vessels for Alkaline Solutions. — Cyanide of copper 
solutions are in most cases used hot, hence it is 
generally necessary to employ an iron vat when 
cyanide solutions are used in obtaining first coat- 
ings upon zinc or tin matrices, or in obtaining 
negative electrotypes direct from articles made of 
metals which of themselves set up electric action 
in or decompose the ordinary sulphate solution. 
Enamelled iron vats, fitted with feet and gas jets 
to obtain the necessary heat, are best suited for 
this work. They may be of small size, as the 

K 
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object is merely to obtain di, preliminary coahngy tiie 
main deposit being afterwards obtained in the 
sulphate solution. 

When steam-heat is available, the vat should be 
fitted, if an iron one, with a metallic jacket, and 
the steam allowed to circulate around it. 

Vessels for Iron Solutions. — ^These are usually only 
a little larger than the work to be deposited upon, 
because the process is short, and the laiger the 
surface exposed to the air the faster the solution 
will deteriorate in working quality. They should 
be deeper than ordinary depositing vessels for the 
above reason, and should contain a large volume 
of the solution. Iron solutions may be protected 
from the effects of the air, when out of use for 
some considerable time, by heating and melting 
a thin cake of paraffin over the surface, or a little 
glycerine may be mixed with the solution when in 
work. The vat may be of lined wood, or of iron, 
naked or enamelled. 

Anode Plates. — ^For all copper solutions the anode 
consists of a plate of good copper ; there is more 
reason than would at first appear for employing 
the purest copper, because the common qualities 
give off a great deal of foreign matter known as 
"dirt." Indeed, some of the first electrotypers 
and best workmen use in their operations only 
electrotyped copper for anode purposes. There 
can be no doubt that this plan has many advan- 
tages, more especially in work where a trace of 
slime or diirt is apt to ruin a whole month's labour* 
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Electrot3rped copper is usually so pure that no 
trace of dirt can be found on the anodes. The 
plan adopted generally is to use the cylinders of 
Daniell cells, which have been thickly coated on 
both sides with electro-deposited copper. These 
cylinders can readily be spread out to form the 
flat anodes required ; if liable to crack they should 
first be annealed. In many cases, however, the 
anodes are specially prepared in a separate vat, 
large square sheets of thin copper being deposited 
upon imtil about one-third of an inch in thickness 
has been attained. For ordinary rough electrotyping 
this method is not necessary. Electrotyped copper 
cannot be said to be much dearer than the common 
qualities, when deposited by the machine, because 
it is all copper, and can be weighed, pound for 
poimd, to form electrotypes. Common sheets fre- 
quently contain 25 per cent, of useless matter, 
which at best cannot be called good copper. The 
thickness of anode copperplate is usually one-third 
of an inch, but any thickness may, of course, be 
employed. It is found that anodes heated and 
plunged in water become softer, and yield better 
under the influence of moderate currents. (For 
iron anodes, see p. 113.) 

Size of Copper Anode Plates, — ^The anode and 
cathode should each present an equal surface to 
the solution. The anode has two sides, but the 
back, when facing flat work, should be left out of 
account. Hence, an electrot3^e a foot square 
should be faced by an anode a foot square. If there 
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be any difference in size, the anode should be the 
larger. When the solution is found to be, from 
any accidental cause, weak in metal, the anode 
should be the larger to make up the deficiency. 
If the solution be too dense, the anode should be 
slightly smaller than the cathode, which will thus 
take up the excess. When the anodes are of 
inferior quality, and much dirt is given off, they 
should be larger than the cathode, otherwise the 
solution will begin to lose metal. 

Shape of Anodes. — ^This is a matter of the greatest 
importance, but as it properly belongs to the de- 
positing process, it cannot receive full treatment 
here, except with special regard to general re-^ 
quirements. 

All work level over the face of the matrix should 
have flat anodes. All work curved convex should 
be faced by concave anodes, and all work curved 
concave by convex anodes. This resolves itself 
into the simple statement that the anode must be 
parallel to the cathode. The distribution of anode 
power is effected, on undercut surfaces, much more 
evenly by working with the anode at a considerable 
distance. Taking, as an example, a flat cathode 
surface, with a depression in the centre, an attempt 
to obtain a copper deposit over both depression 
and surface with the anode in close proximity 
would probably fail, but would be easily accom- 
plished if the anode were removed to a greater 
distance. Hence, the discrepancy between the 
coatings received by hollows and prominences is 
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always more marked when the anode is near than 
when it is placed farther away, 

CA^^.— *These are shallow dishes of iron or 
backing metal, used as frames or trays, in which 
the moulding composition is poured previous to 
pressing the face upon the composition. They are 
generally about J of an inch deep, and the usual 
sizes are from 2 inches by 3 inches to 10 inches 
by 13 inches. One of the ends is extended, and 
pierced with two holes, in which the vat hooks 
may be fastened. It will be observed that this 
arrangement, as it is merely a metallic tray, must 
be varnished all over the back and sides to prevent 
the deposit from spreading uselessly upon these 
parts. Simple arrangements may, however, be 
adopted, which effectually cut the main frame out 
of the circuit. Thus an iron tray as above, of the 
required depth, is fitted with a narrow copper 
frame, which is insulated from the tray by four 
angle pieces of ebonite. The narrow frame fits 
tightly to the tray, and is provided with the re- 
quired extending loops for connection to the nega- 
tive rod of the vat. When the wax is poured into 
the tray, it reaches the conducting frame all round. 
When the mould is blackleaded, the conducting 
surface includes the narrow frame edges, but not 
the back of the tray. In this way " stopping off " the 
tray is rendered unnecessary. When the mould- 
ing composition is of itself conductive, however, 
as it frequently is by the addition of powdered 
plumbago, this plan does not of itself answer. The 
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narrow frame must in this case be a tray also, to fit 
inside the larger one; and to prevent its back from 
coming into electrical contact with the main tray, 
the latter is fitted with a thin lining of ebonite in 
addition to the ebonite insulating comer-pieces 
already mentioned, or a few coats of hard Japan 
may be baked upon a tray of the common kind. 
In Chapter VII. are given particulars of a new 
system of medallion trays- 

Moulding Composition Vessels. — Most of the 
moulding compositions now used are made up by 
the aid of heat* The greater number, being com- 
pounds of wax, gutta-percha, and such substances, 
are melted and kept liquid in an iron pot by means 
of a jet or two of gas. Where steam is available 
it should be used to heat the pot, by being passed 
through an outer casing surrounding its bottom 
and sides ; by this means a more uniform heat is 
secured. Sheet-iron wax vessels of 12 inches by 
9 inches are most convenient when steam is em- 
ployed as a source of heat, but when gas is used 
they should be thicker in body, or ordinary cast- 
iron pots. 

Pressure Apparatus. — ^When the tray is carefully 
filled with the moulding composition (in flat work), 
the prepared original is placed upon its surface, 
and great pressure is applied to secure an accurate 
copy. For small operations, makeshifts are fre- 
quently employed, such as copying presses or even 
vices; sometimes amateurs employ a device con- 
sisting of a wood beam, jointed at one end near 
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the floor to a post or wall, and by placing the work 
under it near to the fulcruniy a good pressure is 
attained by sitting upon the free end. These make- 
shifts answer well enough for the smaller kinds of 
work apart from regular electrotypers' operations, 
but in the moulding of set-up types and blocks 
they are troublesome and often useless. Large 
screw presses are common, but the best presses 
are actuated through a pair of toggle joints, and 
are therefore known as toggle presses; they are 
extensively employed by electrot)rpers, as they are 
lower in first cost than regular hydraulic presses. 
The hydraulic press is employed for all kinds of 
flat work, large and small. By its aid a great 
pressure may be given by the expenditure of little 
tiresome energy. Each press should be fitted with 
a sliding platen, to admit of proper adjustment of 
moulds before applying the pressure. Further in- 
formation regarding the pressure apparatiis will be 
found at p. 1 64. 

Blackleading Brushes. — ^When a mould or copy 
is secured, by pressure or otherwise, the non-con- 
ducting surface must be prepared with a view to 
render it conductive in the solution. In most 
cases blacklead, as it is popularly styled, is used. 
It is generally applied to the matrix dry, in the 
form of a fine powder, by means of sofi; brushes. 
These brushes may be of camel-hair, cut short 
and stiffi or, for ordinary work, of goat's-hair, 
A round brush, about two inches in diameter, 
te well adapted for most work to be black- 
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leaded by hand. The operation itself is described 
at p. 166. 

Blackleading Machine. — ^Machines for the purpose 
of applying the plumbago surface to moulds (flat 
work) are now extensively used, especially in 
America. The operation of the mkchine presents 
some advantages over hand-work, because it is 
more rapid and less wasteful of blacklead. 

The machine consists of a raised table, per- 
forated with numerous square apertures. Under 
the table is fitted an inclined box, in which all 
waste blacklead is caught. The table is connected 
within a frame with a screw and pinion, which 
give it a reciprocating sliding motion under a 
wide, soft brush, which, being also connected to 
the gearing, receives a vibrating up and down 
motion at great speed. When the mould, plenti* 
fully sprinkled with finest blacklead, is placed 
upon the sliding-table, and the machine set in 
motion (by the hand), it is carried beneath the face 
of the vibrating brush, back and forth, receiving 
the beating-in effects of the brush until the whole 
surface is rendered uniformly conductive. The 
machine when in operation is usually covered with 
a top case to prevent waste of blacklead. It is 
almost needless to observe that these machines 
are only properly adapted for flat surfaces ; their 
use, indeed, is chiefly confined to the practice of 
the printers' electrotyper. They cannot be said to 
be well adapted to the production of the best class of 
conducting surfaces, or to the finest kinds of electro? 
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type moulds, unless the latter be of a material at 
least as hard as cold gutta-percha. Machines are 
adapted to all the usual requirements of printers' 
electrot3rpes, and in this, their proper sphere, save 
expense and time. They may be rotated by hand 
or power. 

^^ Slings" and Hooks, — ^These are bright copper 
hooks and catches used in hanging the cathode 
(mould) from the negative rod of the depositing 
vessel in the solution. They should be made of 
copper wire, which may be gilt, of about No. 10 
size. The same kind of hooks may be used in 
slinging the anodes from the positive bar. 

Ttnning'Trays, — When the depositing is cona- 
pleted, and the " shell " or electrot3^e is removed 
from its matrix, it is " trimmed " and placed upon 
a metal tray provided with high handles, and the 
whole is finally floated in a bath of molten " back- 
ing metal," to be heated, tinned, and "backed." 
The process is detailed at p. 213. Tinning-trays 
may be of any convenient size ; the usual dimen- 
sions admit of their receiving a pair of 4to electro- 
types. They are of iron, cast or sheet ; but sheet 
iron should only be employed for small operations, 
because it is liable to warp or twist. Planed 
cast-iron trays, with high handles of wood, are 
best adapted to the work. When the electro- 
types are lai^e the trays are lifted into the 
backing-bath by means of a small adjustable 
overhead crane. 

The Backing-bath. — This consists of an iron 
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tank, frequently 2 by 2 by i foot, nearly filled with 
the metal kept m a molten state. The heat is 
employed in tinning the back of the electrotypes 
and the metal in forming the backs. Gas or coal 
may be employed in keeping the bath at the 
required heat. A. firm and level ledgpuig of some 
solid substance should be provided around three 
sides of the bath ; it should be about 2 feet 
wide, or according to the size of the tank ; its use 
is to receive the backing-trays before and after the 
operation. 

Circular Saw. — ^This is brought into requisition 
in cutting away superfluous edges of electrotypes, 
and backing metaL It may be from 2 to 8 
inches in diameter, according to the magnitude of 
the operations, and must in all cases have fine 
well-cut teeth. These saws are driven upon spindles 
by foot, hand, or power. They are frequently 
mounted in a lathe, and should always revolve 
at high speed. A gauge-plate should be pro- 
vided towards one side of the saw, by the aid of 
which the cutting may be conducted in a straight 
line, at the required depth. The table or base 
should be fitted on rollers to move with the electro- 
type, in a direct line parallel with the saw itself, 
and a glass hood should be fitted over the saw to 
catch chips. 

Roughing Lathe. — ^This is a lathe used as a sur* 
facing tool ; it is frequently employed in lieu of 
the planing-machine to "surface** up the backs 
of electrotypes for mounting purposes. The chu4^k 
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is usually some arrangement fixed to a true 
surface-plate, by means of which the electrot3rpes 
may be clamped to the plate and revolved with it. 
The ^l should in all cases be fixed in a traversing 
slide-rest, and must have a keen edge and acute 
angle to cut the backing metal off rapidly, A 
gauge should also be adjusted to allow of the 
correct thickness being left on the shell. 

Planer. — This is usually a hand-planing ma- 
chine, with a planed iron bed, racks, and hand- 
wheel, by means of which the plates may be 
moved under a wide knife, set at an angle to 
remove the metal to the regulated thickness. 

Bevelling Bench and Machine. — ^A great many 
electrotypes are bevelled off by hand-filing, others 
by means of hand-planes on a bench fitted with 
gauges to set sizes. Bevelling-machines are also 
in use ; these are used only in the larger opera- 
tions. The apparatus consists essentially of a 
sliding-bed and a series of knives revolving at a 
high speed. These machines usually perform the 
work of the circular saw, in addition to bevel- 
ling. For plates taken on convex moulds, used 
in printing, another kind of planer is employed. 
These, and most of the machines here men- 
tioned, are now made by Hoe and Co., of New 
York. 

Mounting Blocks. — ^The wood blocks upon which 
the finished electrotypes are finally mounted for 
printing purposes are almost invariably of ma- 
hogany, well 3e^oaed, The wood should be cut 
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up square and flat, slightly thicker than it will 
ultimately be. 

Besides these tools and materials, various hand 
appliances are employed in the ** correcting " of 
electrotypes, for descriptions of which reference 
should be made to Chapter X. 



CHAPTER VI. 
Moulding Materials. 

In most cases the reproductions of objects are not 
obtained by depositing electrot3rpes direct upon 
the objects themselves, but upon copies of them 
in various moulding materials. Thus, when it is 
required to obtain an electrotype of a medal's face, 
a cake of moulding material is prepared, and the 
medal is pressed upon it. When separated from 
the original we obtain an exact copy in intaglio. 
This copy is then deposited upon, and the final 
result is a reproduction in relievo. This is the 
process as applicable to flat work. When the 
work is rounded or undercut, as a bust, a different 
material and moulding method must be adopted. 
We are concerned with the material of which the 
original is made, and with its shape; and these 
particulars must be known before a suitable mould- 
ing substance can be selected for the purpose. 
The moulding medium must not in the process 
injure the original, and it must also withstand the 
effects of the depositing solution. It must, further, 
be either a conductor of electricity itself or its 
surface must readily receive the conducting sub- 
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Stances used for the purpose ; and, finally, it must 
not swell or alter in bulk when placed in the de* 
positing solution. Instructions for the use of these 
substances are given in the succeeding chapter. 

Materials for Flat WoRK.^The standard 
composition which the author recommends above 
all others for flat metallic work and ordinary wood 
engravings is made as follows: — ^For lo lbs. of 
the material cut up 9 lbs. of commercial bees'-wax, 
free from grit or impurities, in a warm pan; in- 
crease the heat and stir in i lb. of Venice turpen- 
tine, and, finally, 5 ozs. of the very finest powdered 
plumbago. Mix thoroughly at a gentle heat. 
This material will last for many hundreds of im- 
pressions if kept perfectly free from contamination 
•with foreign substances. The after process of 
blackleading causes a good deal of extra plum- 
bago to come into the composition, but it may be 
allowed for by adding a little more wax and tur- 
pentine, as the substance appears to require. This 
is for pressed worky which may be taken to include 
almost all the surfaces that come into the hands 
of the printers' electrotyper. 

For work of the flat kind which cannot from 
its nature be pressed, the following material may 
be used : — Bees' -wax, 9 lbs. ; hard mutton suet, 
2 lbs. ; plumbago, 3 ozs. When the mould is re- 
quired to be especially sharp in the finest lines, the 
suet or stearine may be omitted, and 5 lbs. of resin 
substituted. The melting-point of these substances 
is about 155° F. 
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In addition to these materials gutta-percha is 
common, but it must always be well pressed. 
When carefully treated gutta-percha is one of the 
best of moulding materials, and it receives the 
conducting coating of blacklead readily. It does 
not alter in the solution, and preserves the finest 
lines. This substance is more extensively used on 
the Continent than in England. It should always 
be remembered that it shrinks while cooling, and 
that, therefore, much pressure is required just 
before it hardens into form. The kind best 
adapted for moulding work is simply the unmanu- 
factured but purified sheet, about three-eighths of 
an inch in thickness. 

Steel Plate Gutta-percha Material. — ^This also is 
flat work, but it is not usual to press steel en- 
gravings in case of accidents ; the copies are, 
therefore, taken off without pressing. The mate- 
rial best adapted for this purpose is made as 
follows : — Cut up and melt very slowly (in a porce- 
lain pan if possible) 9 lbs. of the best gutta-percha; 
stir in and thoroughly mix 4 lbs. of refined lard, 
and, finally, ^ lb. of good stearine. The latter is 
not generally employed, but it adds to the rigfidity 
of the finer lines. To insure that the lard be free 
from grit and all other injurious substances, it 
may be melted and poured into water, which 
should be hot, and afterwards allowed to cool ; 
impurities are generally precipitated to the bottom 
of the vessel by these means. 

But gutta-percha alone may be employed as 
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follows: — Place 9 lbs. of fine gutta-percha, cut 
small, in a jar which can be covered closely ; pour 
in a large quantity of bisulphide of carbon, and 
allow to digest for two days. The required quan- 
tity may now be removed and heated carefully in 
a porcelain or iron-enamelled vessel ; when suffi- 
ciently thin it may be used as directed in 
Chapter VII. Much care should be exercised in 
the use of carbon bisulphide, as it is dangerously 
inflammable, even at a low temperature. It gives 
oflF an abominable smell. Gutta-percha dissolved 
as above may be used for a variety of purposes, 
and is sometimes employed for '* stopping off" the 
backs of moulding pans. 

Fusible Alloy. — ^The chief advantage of this 
material is that it is of itself conductive, and re- 
quires no after preparation, except it be that the 
back must, as mounted by the common process, 
receive a coating of some " stopping off" material. 
It is adapted to the moulding of most surfaces not 
liable to injury on the application of a heat of 
2 1 2° F. or a little over. It is made up as follows : — 
Melt I lb. of lead in a clean vessel, and stir in 
I lb. of tin, and, finally, i J lbs. of bismuth. Stir 
well and thoroughly incorporate the mixture ; pour 
out gradually into water, collect, and repeat until 
a complete admixture is obtained. It melts at 
212° F., the temperature of boiling water. For 
small quantities mix lead 5 parts, tin 3, bismuth 8. 

ITie first cost of this excellent material is high^ 
owinj; to the price of bismuth, but it serves for 
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numerous electrotypes. It expands on cooling, 
and, consequently, takes a very sharp impression. 
It also assumes a soft but firm (not thin) condition 
before setting, which admirably adapts it for the 
taking of copies by placing and pressing the 
warmed surface upon it just before it sets. 

Plaster of Paris. — ^This well-known material is 
adopted for most purposes where ih^ finest lines are 
not required, and where pressure cannot be used. 
It may be prepared (so as to insure its being 
fresh) from gypsum (sulphate of lime). The sub- 
stance is heated carefully to about 500° F. If the 
heat should be greater than this the plaster may be 
worthless, and may fail to set. When all the water 
of crystallization is driven off the residue is plaster 
of Paris. When purchased it must be fresh, other- 
wise it will fail to set, or will set only very slowly. 
Before being used it should be carefully sifted, 
more especially if the work be small or fine, to 
remove accidental impurities; it should also be 
warmed in an oven. When used it is mixed with 
water to a thin paste, and poured on the article to 
be copied, the surface of which should first be 
coated with the paste by means of a brush ; but 
full directions will be found at p. 172. Plaster of 
Paris should be kept in close-stoppered bottles. It 
is usually sold in three degrees of fineness. 

Steartne. — ^This is a beautifully white substance, 
which is used both in moulding by itself and in 
combination with other materials. It is prepared 
by saponifying tallow with milk of lime. Stearate 
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of lime is thus produced, which is decomposed by 
sulphuric acid ; the result is sulphate of lime and 
pure stearic acid. Paraffin is sometimes employed 
in place of stearine, but it is more expensive and 
offers higher resistance to the currents. 

Rounded and Undercut Work. — ^Art work is 
usually, except in the case of flat surfaces, moulded 
from in plaster, wax, fusible alloy, or elastic com- 
position. All undercut work should be copied in 
elastic composition if the original must be pre- 
served. 

Elastic Composition. — Copies of all kinds of work 
which cannot conveniently be moulded from in 
sections may be made in this composition. It is 
elastic, readily cut, can be rendered highly con- 
ductive, and springs into its proper form after 
being disturbed. This valuable substance is made 
as follows : — 8 lbs. of glue of good quality is 
soaked until quite soft in cold water; it is then 
placed in a common glue-pot and mixed with 2 lbs. 
of treacle. The whole is heated and thoroughly 
incorporated by stirring. When the mould is not 
likely to be roughly handled J lb. of bees' -wax 
may be added to the mixture. This material is 
poured aroimd the prepared object, and when set 
may be cut open from top to bottom and the object 
removed ; the mould will now spring into its ori- 
ginal position and shape. 

When the elastic moulding material is placed in 
an ordinary depositing solution, without being 
previously protected, it is very apt to absorb water 
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and swell. This may to a great extent be pre- 
vented by increasing the proportion of wax, but 
it is usually better to protect the surface by im- 
mersion in a weak solution of bichromate of potash 
and drying in the sun ; an insoluble coating is 
thus secured. Tannic acid is also frequently em- 
ployed for the same purpose ; it is incorporated 
with the hot mixture at the rate of i parts for 
each lOO parts of glue. When care is exercised 
to "stop off" the exposed portions of the com- 
position, before placing in the depositing solution, 
by means of gutta-percha varnish (gutta-percha 
dissolved in carbon disulphide), and perfectly pro- 
tecting the interior by conducting substances, there 
is usually little danger of absorption. The rate of 
deposition must, however, be rapid. 

The composition may be used many times. Its 
proper sphere is, however, not as a matrix upon 
which the electrotype may be deposited, but as a 
preliminary mould, as follows : — The elastic com- 
position is poured around the object, allowed to 
set, slit up, and the object removed. The elastic 
mould is now supported by a casing of sheet metal 
or paper, and a second model is formed within it. 
This second model is in turn moulded from in 
plaster, and finally run out by heat. The plaster 
mould is, therefore, employed as a matrix in the 
depositing vessel, as further explained at p. 171. 

Composition for obtaining a Cast in Plaster. — The 
material usually employed is made as follows : — 
Bees'-wax, 8 lbs. ; resin, 7 lbs. ; tallow, 1 lb. These 



1 4 8 fLiJECTRO-TYPING. 

ingredients are thoroughly mixed by the aid of 
heat and stirring. The composition should not 
be poured into the mould until it is nearly set- 
ting, because the heat may cause complete union 
between the two and render the cast useless. 

When this second model is to be deposited upon 
direct, a little powdered blacklead may be added 
to the composition before pouring ; and to render 
it fit for receiving a conductive coating after- 
wards the resin should be omitted and i lb. of 
the following solution substituted : — Dissolve i 
part of phosphorus (by weight) in 15 parts of 
carbon disulphide. Handle with the greatest pos- 
sible care, as it is a dangerous substance when 
accidentally spilled near a fire or among rubbish. 
The model is then rendered conductive by other 
solutions and means, particulars of which are 
given in the succeeding chapter. 

Marine Gltie. — ^This composition is very useful 
in moulding and in many other kinds of work. It 
is made as follows : — ^Dissolve 1 lb. of caoutchouc 
in 4 gallons of wood naphtha, and allow it to stand 
for two weeks ; further, add 2 parts of shellac to 
I of the mixture; heat very carefully, mix, and 
cool on marble slabs. In heating and mixing all 
these compounds in which bisulphide of carbon or 
naphtha forms a part, much care is ' necessary to 
avoid an outbreak of flames, so that the operations 
should be conducted out of doors over a closed 
source of heat, or within the building, with steam 
as a source of heat. 
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** Stopptng-off" Compound. — ^Those portions of a 
matrix or an original where the deposit of copper 
is not required, as on the back of moulding trays in 
printing work, the backs of casts taken in fusible 
alloy, and portions of moulds accidentally ren- 
dered conductive when not required, must be 
stopped off to prevent the deposit from spreading 
upon them. Various varnishes are used for this 
purpose, but the least expensive and most readily 
applied are best adapted to the wants of the electro- 
typer. The most generally useful material is 
simply melted bees'-wax, or the ordinary bees'- 
wax composition, free from plumbago. Stearine 
may be used, also paraffin, engfravers' varnish, 
or gutta-percha. In hot cyanide solutions copal 
varnish may be used, or the following: — Resin, 
10 parts; bees'-wax, 6; sealing-wax, 4 ; rouge, 3. 
These are mixed by heat and stirring, and applied 
while liquid with a brush. 

PlurnbagO'-Blacklead. — This substance, errone- 
ously thought by many to be a variety of lead, is 
in some respects identical with finely-powdered 
graphite, or gas carbon ; it is, indeed, a variety of 
carbon, in combination with iron. 

Owing to its adherent nature and excellent con- 
ductive power, it forms the best known and most 
generally applicable conducting surface for electro- 
t3^e moulds. Some specimens of plumbago are 
found to conduct electricity freely, others are 
almost useless. The common varieties, used for 
household purposes, are almost all bad conductors. 
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except, perhaps, Nixey^s, which may be employed 
for most common work. The finer varieties are 
distinguished for their power of rapidly imparting 
a brilliant texture to almost any surface, with little 
friction, and for their tendency to cover a large 
surface with little expenditure of substance. It is, 
therefore, economy to employ only the best quality 
procurable, of wholesale chemists or instrument 
dealers. 

However well gfround, plumbago is apt to con- 
tain grit, or grains too large for the surfacing 
process; it should, therefore, be carefully sifted 
through muslin or a fine wire sieve, and should be 
stored in glass bottles protected from dust. 

It is usually applied to the moulds dry, because 
the thinnest possible coating only is required and 
permissible, and because moistening the powder 
creates a paste, which can never be properly spread 
or cleared out of the finer lines of engravings in 
the polishing process. It is frequently sprinkled 
over a wax mould before impressing it, and if 
evenly done this plan is very useful as assisting 
the after process. Plumbago is always used to 
polish up woodcuts and type before taking impres- 
sions of them in moulding material ; it prevents 
seizing between the surfaces. In the case of taking 
electrotypes of the intaglio kind direct from sur- 
faces, plumbago polish, when it can be applied, 
prevents actual seizing between the new and the 
old metal, and assists in their after separation. It 
is also employed to form a part of the usual mould* 
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ing compositions, and not only assists in checking 
the shrinking tendency, but aids the conducting 
qualities of the compound, and facilitates the 
formation of a good conducting surface. The 
polishing process is often injurious to health by 
reason of the dust raised; but this is easily ob- 
viated by the use of a glass case, a device which is 
frequently employed. 



CHAPTER VII. 

Preparation of the Work* 

In this section we enter upon a consideration of 
that portion of the electrotyper's art which calls 
for all the patience and forethought usually found 
in skilful operators. The success of the depositing 
process depends in a great measure upon the faith- 
fulness with which the mould is produced, and the 
care exercised in rendering it conductive of elec- 
tricity ; and these are the chief operations in elec- 
tro-t5rping next to the depositing process itself. 
While the depositing process depends upon the 
operator's knowledge of the laws of electro-deposi- 
tion, this present portion of the art relies altogether 
upon his manipulatory skill and his foresight. 

The preparation of the work signifies the produc- 
tion of copies from it, in various materials, and 
rendering these copies fit to receive the electro- 
type ; thus the original work is seldom employed 
in the actual process of depositing the electrotjrpe ; 
it is no longer required immediately after the im- 
pression has been secured. In some cases " pre- 
paration" may signify getting the work itself 
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ready to be deposited upon; it will therefore be 
observed that in cases of the latter description, the 
electrotype obtained is in intaglio^ and .must be in 
turn deposited upon to secure a copy of the ori- 
ginal in relievo. 

The conducting surface is an artificial coating 
carefully laid upon the impression. If the sub- 
stances in which the impressions have been taken 
are non-conductors (as most of such substances 
are), they must be rendered conductive over 
every line of their faces to receive the deposit. 
This conducting film must in turn be in perfect 
metallic contact with the negative pole of the 
electric source; and this connection must, more- 
over, be well distributed to different parts of the 
surface, otherwise the deposit will evince a ten- 
dency to fall most copiously upon those portions in 
immediate contact with the negative pole. The 
deposit and mould face, when separated, are found 
to be perfectly dry. 

Preparation of Coins^ Medals^ and Small Flat 
Surfaces. — ^To prepare the surface of a medallion, 
for example, so that an electrotype in intaglio may 
be obtained from it, the back should be well var- 
nished over with melted bees'-wax, or other stop- 
ping-off material mentioned at p. 149. This will 
prevent the deposit from spreading over the back. 
The face itself should be lightly cleaned to free it 
from extraneous dirt, and it should afterwards be 
rubbed over with turpentine in which a very little 
bees'-wax has been dissolved, to prevent the de- 
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posit from obtaining absolute adhesion; otherwise 
the electrotype could not be separated from the 
originaL In most instances the conducting wiie 
cannot be soldered to the article without marking 
it; in those cases the coin may be hung in the 
solution in a double loop of copper wire opposite 
to the anode. When the wire may be soldered, 
it should be fastened to the 
back of the coin, or to its edge 

(Fig. 21). 

Medallion Depositing Trays. 
— ^The author employs for the 
purpose of taking electrotypes 
in intaglio, of coins and small 
circular articles, cases stamped 
in thin sheet copper, forming 
shallow circular trays, with 
hooks soldered to the back 
.iiS^fct™. CFig.22). All parts of the trays 
"<"^^ except the circular interior are 

varnished over (stopped off) with japan black. 
To copy one side of a coin, or medal, it is thus 
only necessary to drop it into one of the trays 
adapted to its size, rub its surface over with 
the prepared turpentine, and hang it in the solu- 
tion to be deposited upon; its contact with the 
back of the tray insures perfect conduction to the 
current. These trays can at a trifling expense 
be adapted, in a complete set, to take from a 
medallion of four inches to a coin of one-fourth 
inch. A set of three dozen, graduating in size by 
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one-eighth of an inch, will be found to answer 
every purpose of the Idnd. 

The same trays may be used as moulding-boxes 
for all flat work of the medallion description, where 
the electrotype is deposited upon the mould to 
produce a relievo copy. This method is most de- 
cidedly better in all possible respects than the old 
one of taking the mould on a cake of the com- 
position, when a wire is employed to give contact. 
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and very imperfect contact too, aided by blacklead 
conduction only. 

But for the benefit of those who cannot obtain a 
set of these trays, or incur the expense (about 5s.) 
of having them made, the old process of copying 
coins is here described. 

Moulds for the deposition of relievo electrotypes 
of coins and medallions are made from fusible 
alloy, wax compound (p. 142), gutta-percha, plaster 
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of Paris, and other materials mentioned and de- 
scribed in the preceding chapter. 

To obtain the copy in fusible alloy, the metal is 
melted and poured into a holder, as a pill-box 
cover, or one of the trays above-mentioned. The 
medal is attached to a holder, and, just before the 
alloy begins to set, it is skimmed by passing a 
card over its surface, and the medal brought down 
and pressed tightly on the alloy until it cools. An 
exceedingly sharp copy is thus obtained. If the 
alloy is at first poured into one of the trays, it is 
ready for the bath as soon as its surface has been 
treated with the prepared turpentine (turpentine in 
which a little bees'-wax has been dissolved) ; but if 
it is poured into any other case, a wire must be 
heated and attached to its back, which must be 
afterwards varnished. The mould is now ready to 
receive the deposit. 

To obtain a mould in wax composition (p. 142), 
a cake of the material should be poured into a de- 
positing tray, or merely on a level surface. The 
medal is prepared by being cleaned over its face, 
and lightly dusted with plumbago, which is 
brushed off in circular strokes ; it is then placed 
face downwards on the composition, and pressure 
applied. Any of the means suggested at p. 134. 
may be used in obtaining pressure. When suffi- 
ciently pressed, the medal may be detached by 
carefully placing the edge of a sharp knife under 
it at opposite sides. If the wax should have ad- 
hered to the medal the process must be repeated. 
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A satisfactory copy having been obtained, 
some plumbago is dusted over its surface, and 
brushed into it gently with the brushes men- 
tioned at p. 135. In a short time a good conduct- 
ing film will thus be secured. If the copy be taken 
on a cake of composition, a wire must be heated 
and fastened in the back, the blackleading being 
carried up to and around the wire. If the medal 
should be over 2 inches in diameter, the conducting 
wire may be made into a hoop, and should be 
fastened around the edge of the cake or mould. In 
this way the conducting surface can be led to the 
wire at several points. If the author's suggestions 
regarding trays be employed, all this trouble will 
be saved, because the conducting face will be sur- 
rounded by the metallic edge of the tray, and the 
deposition can only take place over the face of the 
mould. In either case the matrix is now ready to 
be placed in the solution to receive the deposit. 

If the blackleading has been carelessly per- 
formed, the result will soon be disagreeably appa- 
rent. If there should be a defect of conduction 
where the wire joins the mould, all deposit upon 
the latter will fail, and copper will only appear 
upon the wire itself. If there should be defects of 
conduction at any parts of the mould, the deposit 
will fail at these parts, and holes will appear in the 
electrotype. 

Every mould, when first put in the solution, is 
apt at first to repel the liquid^ and to retain upon 
its surface a film of air ^ especially in the hollows 
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Thus, air-holes frequently appear in electrotypes. 
Hence, every mouldy before being put into the deposit- 
ing vessel^ should be thoroughly moistened all over its 
surface; this is done by allowing a stream of water 
to fall gently upon it for some minutes. The larger 
the mould the more necessary is this precaution. 
Large moulds of printers' electrotypes are first 
covered with water to a depth of i inch, and a 
stream is then directed over the surfaces by means 
of a hose. This is the last operation before placing 
in the solution. 

In cases where the medallion will not stand 
pressure, the mould must be made in some substance 
which can be poured over its surface. Plaster of 
Paris may be employed, but the steel engraving 
moulding material, mentioned at p. 143, is best 
adapted for the purpose, and gives lesist subsequent 
trouble. The surface of the medal may either be 
very lightly oiled, or brushed over with a little 
plumbago. It should then be surrounded by a rim 
of gum paper or tin (a complete set of rims, in tin, 
should be kept], and the composition carefully 
poured on, beginning at the middle in order to 
exclt4de air bzibbles. When the composition has 
fully set, which may take about ten hours, the rim 
is removed and the mould detached. This moukl 
may be treated as a cake of composition, as 
directed above ; but it is better to place it, back 
downwards, in a medallion tray^ and to polish up 
its face with plumbago there ; the trouble of fixing 
a wire is thus avoided. 
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Plaster casts may be copied in the same man- 
ner, but the plaster must, previous to pouring on 
the moulding material, be soaked in water. The 
same kind of work may also be copied in plaster 
itself. When the plaster copy is secured it should 
be baked to expel moisture, and must be saturated 
with tallow or stearine to prevent its absorbing 
the solution. It may, in doing this, be placed in a 
shallow layer of melted stearine, back down, and 
left there until the substance soaks through to 
the face; it may then .be removed, cooled, and 
polished up with plumbago as usual. Again, the 
depositing tray may be used with advantage. 

Both sides of a medallion or coin may be electro- 
typed by two methods. The first and most com- 
mon method is as follows : — ^The coin is surrounded 
by a rim of stiff gummed paper, extending about 
one-third of an inch beyond its faces ; the rim is 
thus double. The moulding material, which may 
be the wax mixture used for pouring purposes, or 
even plaster, must be poured into one side first and 
allowed to set, when the other side maybe poured ; 
much care should be taken to avoid air bubbles by 
distributing from the centre outwards. Both moulds 
may now be removed and deposited upon. The 
deposits may subsequently be mounted side by 
side, or may be soldered together. In some cases 
gutta-percha is used to take the mould with ; it is 
softened in hot water and two balls pinched off 
the piece. These are applied at either side of the 
coin simultaneously by pressing the balls upon the 
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centres of the faces and working out towards the 
edge to exclude air bubbles. Pressure must after- 
wards be applied, and increased as the gutta-percha 
hardens. The moulds when separated from the 
original may be fitted into medallion-trays, black- 
leaded, and deposited upon, or, in the case of no 
trays being at hand, wires must be heated and 
fixed in the backs and the blackleading continued 
around the wires. 

Another plan may be adc^ted, as above sug- 
gested, and it is the better of the two. A disc of 
stiff shellac-varnished paper is cut one-third larger 
in diameter than the medallion, and a circle the 
exact size of the latter cut from it by means of a 
punch or a sharp knife. The flat ring of stiff paper 
thus obtained is to be fitted over the edge of the 
medallion to the central line ; it thus, as it were, 
divides the medallion into two equal discs or halves. 
The medallion is then carefully rubbed over with 
prepared turpentine, and placed in a wire stirrup 
to be deposited upon. It may be hung near to an 
anode and turned on the stirrup every few hours 
until two thick deposits are secured ; these deposits 
will be found separated by the paper ring. When 
removed firom the depositing vessel the electro- 
types may be separated from the original by 
running a thin knife around between them, and 
rapidly heating both coatings ; a few taps usually 
separates them. Thus two intaglio copies are 
secured at once. If it be desired to obtain one 
complete copy in any of the softer metals, ftisible 
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alloy may be employed as follows: — ^Place one 
side of the trimmed electrotjrpe face up in a stiff 
cardboard ring ; melt some fusible alloy, and skim 
it ; pour the alloy to a moderate thickness on the 
electrotype fece, skim it, and instantly place the 
other half above the alloy, face downwards. A little 
pressure will force out the superfluous metal and 
secure an excellent and sharp copy of the original 
in fusible alloy. 

Or, commencing again at the beginning, two 
copies, one of each side of a medallion, may be 
secured as follows : — Pour a cake of wax composi- 
tion into two medallion-trays; rub the medallion 
over the faces with plumbago, press one face and 
take a copy in one tray, and, when removed, in the 
other. These moulds when polished with plumbago 
are now ready to be deposited upon. The trimmed 
deposits may, if desired, be soldered together or 
exhibited separately. 

The various methods applicable to the moulding 
and preparation of coins and medallions have thus 
been described. The new method of employing 
medallion-trays greatly simplifies the whole opera- 
tion, and allows of its being accomplished in one- 
fourth the ordinary time with greater certainty of 
successful deposition. 

Flat Printing Surfaces.— We now enter 
upon a more important division of the subject, 
where the composition, pressure, and blackleading 
all call for careful selection and accomplishment. 

Flat work includes engraved wood blocks and 

M 
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type set up in the usual formes. Matter to be 
electrotyped should be set up with high spaces, 
otherwise plaster of Paris must be employed to 
raise the lower levels. Low spaces, when the 
matter is moulded, cause long projections of the 
moulding composition to protrude from the general 
surface of the intaglio copy. These spaces not only 
prevent the operation of blackleading being per- 
formed satisfactorily, but act in the worst manner, 
in collecting the deposit upon themselves when in 
the solution, to the proportionate weakening of 
the letters, which lie mticA deeper in the moulds. 
When a mould must be taken from low-spaced 
matter it will save much subsequent trouble to 
proceed as follows: — ^After the matter has been 
reimposed and arranged level, pour plaster, in a 
thin paste, on the face and rub in by hand ; just: 
before the plaster sets apply a rather stiff brush to 
remove all plaster from the general surface of the> 
forme and the beards of the letters. The object is 
to reduce the hollows by filling up as much as pos- 
sible consistent with clearness in the printing. Set 
the type up to dry the plaster, and afterwards go 
again over the face with a stiff brush to remove all 
trace of plaster from the letters themselves. This 
process is technically known as " floating." 

To prepare the set-up type for moulding, after 
proper planing and locking-up, the letters are 
brushed over with the lye to clear off all traces of 
old ink. Upon the dry surface is sprinkled a 
quantity of finely-powdered plumbago, which is 
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then polished all over the surface with a mode- 
rately stiff brush. When wood blocks are present 
a softer brush should be used. After a good polish 
is secured, all loose dust must be removed by the 
brush and. blowing with the breath. The matter 
is then ready, after a final examination, for the 
moulding process. 

Wood blocks are prepared much in the same 
way ; they are carefully cleaned ofiF with turpen- 
tine, examined, and allowed to dry. Blacklead is 
then sparingly applied and well polished with a 
soft brush ; loose dust is blown away, and the sur- 
face is ready for moulding. 

The blackleading process is doubly useful ; it 
prevents "seizing" between the surface and the 
moulding composition, and it leaves a slight coat- 
ing on the mould, which both assists the subse- 
quent blackleading process and insures conduc- 
tion to every hollow. 

The moulding composition mentioned as "stand- 
ard," p. 142, is now prepared, and when ready is 
poured evenly into the level depositing-tray (p. 133). 
The tray is filled axiA the setting surface watched; 
air bubbles must be quickly and decisively broken 
and the surface arranged to set level. If it begin 
to fall in the centre, quickly fill in more hot com- 
position, and run a rule or side-stick over the sur- 
fiace. The composition sets very quickly, espe- 
cially in cold weather, unless the tray be warmed 
before pouring in the composition. 

A final examination of the mould composition 
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and type or engfraving is made before moulding. 
The type or block is placed upon the clean and 
level bed of the press, face upwards, and the 
mould-tray litted over it, face to face. Care should 
be taken to so arrange the mould-frame that the 
impression may fall centrally, otherwise much 
damage may be done to the type or block. The 
press is now set into action, and a gentle squeeze 
given. The t5rpe or block is then lifted carefully 
off the mould-face to find whether they have 
" seized ; " if not, they are again placed together, 
care being taken to insure that the surface shall 
" fall fair," The sense of touch usually guides the 
operator at this stage, but a gauge may be used. 
A good deal of pressure is now applied, and the 
mould and t3rpe or block finally released. 

In some establishments it is usual to carefully 
finish the surface to guard against ** seizing," and 
to neglect the pn-eliminary examination mentioned 
above. In either case care is necessary in sepa- 
rating the surface and mould after the final pressure 
has been given. It is usual to employ a pair of 
chisel-like levers for this purpose, one being placed 
under the mould-frame at either end, and the 
mould forced gently upwards. The sides are next 
released, and the mould lifted cleanly off the 
smface. A close examination will reveal whether 
the copy is perfect and unbroken. If the pressure 
has been too great the mould is apt to seize, and if 
too light, it is not impressed to a sufficient depth to 
insure clean printing. 
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Small surfaces can be moulded by light pressure, 
but large surfaces require a pressure of several 
tons. Hence it is impracticable to g^ve figures as 
to the exact pressure required. A skilful work- 
man can soon discover by the sense of touch whether 
he is pressing too much or too little. The appear- 
ance of the forced-out margin of wax is also a 
guide. 

Electrot3rpes before being moulded from should 
in all cases be removed from their blocks; this 
may be done by means of a thin chisel-edge; 
bending must be particularly avoided. 

The mould, when secured, is trimmed and 
" built" by a special workman before being black- 
leaded. The chief object of this operation is to 
raise the general level of the hollows to insure the 
required depth of the electrotype in the " whites," 
where it is apt to black in the printing process. 
The hollows are built up by the aid of a knife and 
melted wax, and a smooth surface produced. A 
hot building-tool is also employed, from the taper 
point of which wax is run into the required portions 
of the mould. Matter that has been moulded from 
(with low spaces) without being " floated " gives 
much trouble at this stage, because these numerous 
projecting pieces of wax must be removed with the 
knife, and much care and skill are necessary to 
avoid injury to the mould. 

The conducting surface to be given to impres- 
sions is the next consideration. In the kind of 
work above described blacklead is almost univer- 
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sally employed. The finest quality only should be 
used. (See p. 149.) It is dusted evenly all over the 
surface, and if the work is to be done by hand, 
one of the blackleading brushes spoken of at 
p. 135 must be employed. The powder is first 
beaten into every portion of the surface, and then 
gently rubbed in circular strokes until it adheres 
to the impression without danger of leaving naked 
spots when placed in the depositing solution. The 
blackleading must be continued to include the 
edge of the depositing tray at all points. The 
main object is to obtain an equal distribution of 
conducting power all round the blackleaded surface. 
The negative pole contact from the battery is, of 
course, secured by fastening a pair of hooks in the 
upper part of the tray as usual. 

Blackleading by machinery has already been 
described (p. 136) ; the process should not be carried 
further than to obtain a good surface all over the 
mould. 

Before placing the mould in the solution to 
receive the deposit it must, if the tray should be of 
the old type (p. 133), be "stopped off; " that is, the 
back and sides must be protected by a layer of 
varnish or moulding composition to prevent the 
deposit from spreading over these portions. li the 
mould should be made in one of the insulated 
trays (p. 133) the stopping off will be unnecessary. 

The last operation to be performed, previous to 
depositing, is to moisten the whole surface ot the 
mould, as explained in connection with medallions. 
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Place the mould face upwards and cover with water 
to the depth of an inch ; then direct a gentle stream 
against it from a pipe and rose. In a few minutes 
the surface will be thoroughly moistened and freed 
from afr; an examination should, however, be 
made just prior to placing it in the solution, and 
the camel-hair brush passed over any suspicious- 
looking portion. 

The depositing process and final preparation of 
the electrotype for printing are treated in distinct 
chapters; therefore we pass on to a consideration 
of the method of preparing a mould from — 

Steel Engrwvings. — This work is different in 
many respects from ordinary flat surface opera- 
tions; it is much more delicate, and should be 
performed with special care at every stage of the 
process. Pressure is seldom used, and in fact is 
both unnecessary and injurious, because steel en- 
gravings are shallow in the " whites " and apt to 
be twisted. 

The operation is commenced by thoroughly 
cleaning the steel-plate and freeing it of the wax 
usually spread upon it for protection. This is most 
effectually done by boiling for a quarter of an hour 
in a strong solution of caustic potash (avoid injury 
to the hands by this compound). Remove and 
wash thoroughly imder the tap ; dry by rubbing 
with a soft linen cloth, and finally wipe with a 
pad of cotton moistened with spirits of wine. 

Surround the plate, which must be laid face up- 
wards on a level surface, with iron bars to form a 
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boundary for the composition^ and have in readiness 
the moulding material described at p. 143. Pour 
on the composition, beginning at the centre or at 
one comer, until it spreads all over the face to a 
considerable thickness. Leave to set, and in ten 
hours remove the mould: it should come away 
without difficulty. Examine the face of the mould 
minutely, and proceed to form a frame of angle 
pieces of thin sheet copper, soldered together at 
the comers. These strips should grasp the mould 
firmly all round its edge, and must serve the pur* 
pose of a depositing tray by having two hooks 
soldered to one of the sides. But the mould may 
be laid face up in a square depositing tray of the 
medallion description instead. 

To render the face of the mould conductive pro- 
ceed as follows : — The conducting facing suited to 
this class of work consists of a film of precipitated 
silver. Dissolve a piece of phosphorus in 2 drachms 
of bisulphide of carbon, stir in 2 drachms of benzine 
and a drop or two of sulphuric ether; pour the 
whole into half-a-pint of spirits of wine, and wash 
the surface of the mould with this mixture twice, 
allowing it to dry after each application. 

The silver solution is made by dissolving i 
drachm 20 grains of nitrate of silver in a mixture of 
half-a-pint of alcohol and i drachm acetic acid. 
The mould is thoroughly floated once with this 
solution and allowed to dry spontaneously. 

Another and simpler method of rendering the 
mould conductive is in use, and may be described 
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as follows : — ^Dissolve phosphorus in pure alcohol 
until a strong solution is obtained, and wash the 
mould with the mixture. The silver solution is 
prepared by dissolving nitrate of silver in aqueous 
ammonia to saturation. It is to be poured evenly 
over the surface of the mould, and allowed to float 
over it for a few minutes ; the solution is poured 
off, and the mould allowed to become partly dry, 
when it is again floated with the mixture. Spots 
that do not appear to take the solution readily 
should be wetted with it by means of a soft brush. ^ 
All printing surfaces may be moulded from and 
arranged for the depositing process by either of 
the foregoing means. Gutta-percha is sometimes 
used as a moulding material, but it usually re- 
quires the exercise of too great a pressure to be 
generally applicable, at least to set-up type. In 
the case of moulding engravings upon a sheet 
of gutta-percha, the material should be rolled into 
a large ball by softening in hot water, applied 
to the middle of the surface to be copied and 
gradually worked out to the edge to insure the 
expulsion of all air. Pressure is then applied,^ 
light at first, but increasing as the material begins 
to cool, and heaviest when it has begun to set; 
in this way the well-known shrinking qualities 
of gutta-percha may be compensated for. In cases 
of lines extending across the page, in depoisting 
ftom set-up type, the electrotype is very apt to be 
weak at those points, but they may be strengthened 
by stopping off the general surface at the back, 
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wetting the weak lines with a Solution of nitrate 
of mercury and depositing again upon them. 

Art Work.— This class includes all kinds of 
work not confined to the printers' electrotyper ; 
natural objects, reproductions of art works in 
plaster or other material, and especially such ob- 
jects as present unusual difficulties in moulding. 
A knowledge of the art of casting or moulding, 
however slight, will greatly aid the operator at this 
stage. Printers' electrot3rpers usually confine their 
operations to the reproduction of printing surfaces ; 
the art electrotyper, on the other hand, is pre- 
pared to reproduce both fiat and roimded objects, 
plain or undercut. He deposits his reproductions 
on both interior and exterior surfa^ces, works with 
every possible shape of anode, and every useful 
combination of negative leading wires. 

The first consideration is the mould. Any one 
of three processes may be selected for the purpose, 
according to the object or the material* ist, the 
object may be moulded from in elastic composition, 
instructions for making which are given at p. 146 ; 
2nd, the object may be moulded from in two or 
more parts at a time, by the usual methods of 
casting ; and 3rd, the object may be moulded from 
all at once, and afterwards broken out of the 
matrix* This latter method is known as waste 
casting. 

To copy a roimded object, such as a bust, in 
elastic composition, it must first be made heavy, to 
allow of its sinking in the composition whea 
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potired ; this is usually done by filling it with sand, 
and pasting a paper cover over the aperture. The 
bust is then placed in position in a tapering vessel, 
such as a common water-pail, and the position of 
the back marked upon the vessel in chalk. The 
composition being ready, it is poured steadily into 
the vessel until it lully covers the bust, and it is 
allowed to set for twenty hours or more. The 
whole is then carefully shaken out of the taper 
vessel, and a slit made through the composition 
with a sharp knite, down the back, from the top of 
the head. By careful handling the composition 
mould may now be opened, and an assistant may 
withdraw the inist front its interior. The elastic 
mould, when released, should close up to exactly 
the original shape. The interior of this mould 
may be deposited upon, but the process is trouble- 
some, and not to be recommended. It is always 
best to form another bust, of the composition de- 
scribed at p. 147, within the elastic one. This is 
done by supporting the elastic mould, and pouring 
the composition into it at the open end. The com- 
position should be as cool as possible consistent 
with free pouring, so that it may not injure the 
elastic mould and deface the resulting duplicate. 

The duplicate thus secured is in turn supported 
in the taper vessel, and a mould made by pouring 
in plaster ot Paris composition as a thin paste. 
When this is set the whole is removed, and the 
duplicate melted out by heat. If the pair are placed 
together in a suitable vessel in an oven, an hour or 
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two will cause the interior fig^e to melt out and 
fall clear of the plaster mould. The latter may be 
rendered conductive within as follows 2 — Wash out 
twice, allowing the surface to dry each time, with 
a solution of phosphorus i part, bisulphide of 
carbon 15 parts. Afterwards wash out carefully 
with a solution of nitrate of silver, one dwt. 
to the pint of water. The conduction is further 
improved by washing out also with chloride 
of gold solution. The negative conducting wire 
must be attached to a rim surrounding the open 
aperture of the bust, and two or three wires should 
lead from this to the most remote parts of the 
mould, otherwise the electrotype will be weak at 
these parts. The anode should also be hung 
down in the moidd beyond the mouth of the aper- 
ture, according to the depth of the mould. It is 
always advantageous to make an aperture in 
the head of the mould, at the back, to allow the 
solution to pass out there if set in circulation at 
the top. It is assumed, in this case, that the 
mould is placed in the solution in a vertical posi- 
tion, and the anode suspended within it. 

But the quickest and surest way by which these 
objects can be copied is to secure, from the com- 
position duplicate, or from the object itself if it can 
be oiled, a pair of halves as follows : — Bed the ob- 
ject to half its depth in fine sand, level the sur* 
rounding surface, and fasten a pair of guiding pegs 
in the sand. Surround with an edging, and pour 
on thin plaster-paste to the required depth ; or, if 
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required very accurate, rapidly brush over all the 
crevices with the paste before pouring. When set, 
remove from the sand and reverse, treating the 
opposite side in exactly the same way ; a little oil 
may be spread over the surface where the two 
halves meet. When separated from the original, 
the halves can be dried and rendered impervious 
by allowing them to stand in a shallow dish of 
melted stearine. And, finally, they can be pro- 
perly blackleaded in the ordinary way to render 
them conductive within. The negative pole con- 
nection should be arranged in the shape of a rim 
of thin copper sheet, or a wire previously bedded 
in the plaster; in all cases the blacklead facing 
must be carried over the rim thus placed. 

The electrotype obtained by these means will be 
in two halves, which, when trimmed, should be 
soldered together, and the joining-line bronzed 
over. 

All kinds of round objects, not much undercut, 
can be moulded and electrot3rped by the above 
method. In the case of deep undercut surfaces, 
elastic composition must be used. 

In the moulding of large objects, it is usual to 
adopt the third method previously referred to, and 
to destroy the original, which at the commence- 
ment is treated as follows : — When the model is of 
plaster, its surface is first saturated with linseed 
oil, allowed to dry, and coated carefully with a 
highly polished film of blacklead, as usual. It is 
then arranged in the depositing vessel, and coated 
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all over its surface with a good substantial shell of 
copper. When removed from the vat, the shell is 
cut through at convenient lines, or in two complete 
halves, and the interior plaster-figfure is sawn 
through. When separated, the sections are freed 
from the plaster by removing it piece by piece. 
When completely freed from all traces of the 
model, the sections of copper are "stopped off" 
(after affixing guidance wires) with varnish, the 
interior treated with prepared turpentine, re-im- 
mersed in the solution, and deposited upon to the 
required thickness. The outer copper shell is now 
removed, and the deposit proper is complete and 
ready to be soldered together to form the full 
figure. Tnis process is expensive, but it is accurate 
and sure. Many of the largest statues turned out 
by Messrs. Elkington are made by this process. 

In most cases it proved cheapest to obtain 
models and section moulds of an object from a 
regfular caster. Wax composition of the various 
kinds described in the preceding chapter may 
frequently be used in obtaining sectional moulds. 

Moulding is not electrotyper's work; it should 
always be left to hands practised in that distinct 
art. The electrotyper proper is only responsible 
for the depositing process, or at most for the con- 
duction surfacing, and the production of the re- 
quired shell. In most cases, therefore, the mould- 
ing process, when difficult or complex, should be 
left to a special workman. Hence, the art of 
nioulding should never be carelessly mixed up 
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with that of electro-typing, or considered except 
in the light of a preparatory operation. 

Leading-wire Systems, — 
In all cases where the sur- 
face is of any considerable 
extent, and especially if it 
be much undercut, great 
care should be devoted to 
the arrangement of a good 
leading system, otherwise 
the deposit is apt to be 
strong at one part and 
weak at another. Wires 
should be led from the 
main hook to those parts 
of the mould farthest from 
the anode {Fig. 23). In 
some cases the ends of 
those wires may be fixed 
in the mould; in others 
they must only touch it. 
The deposit is always 
strongest upon those points 
nearest to the anode, and 
in best connection with 
the cathode hooks; there- 
fore a combination of both 
should be employed to lead 
the deposit first to the more remote come 
recesses of the mould {Fig. 24). Air bubble, 
be expelled, if they form, by distur' 
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tion, or gently nibbing over the surface with a 
camel-hair brush. Frames of conducting material 
should be arranged to surround the mould, and 
effect an equal distribution of the negative pole. 
fft'nis. — Care must be taken not to stop all 
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chance of deposit, by allowing the anode by acci- 
dent to touch any part of the mould or negative 
system. The same care miist be devoted to avoid 
bad contacts and points weak in conducting power. 
Almost all surfaces can be rendered conductive 
without blachleading, by means of the phosphorus 
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and silver nitrate solution previously mentioned. 
The blacklead employed (p. 149) should be of the 
finest quality only, and care must generally be 
taken to secure a high polish. Some surfaces can 
be blackleaded dry, others should be breathed upon 
or held over the vapour of spirits of wine. In the 
case of silver conductive films, the depositing should 
always at first be rapid. 

Bronze powders of different kinds have fre- 
quently been recommended as suitable to the pro- 
duction of conducting surfaces. The finest gold 
bronze may thus be employed, mixed with the 
plumbago. Mr. Gore recommends white bronze 
powder of the best quality. All these metallic 
powders may be used with the most satisfactory 
results in art electro-typing, where the finer lines 
are of little consequence ; but they must not be em- 
ployed in electro-typing fine engravings, although 
often of use in copying set-up type. The plum- 
bago itself may be gilt, which greatly improves its 
conducting power : — Dissolve i part gold chloride 
in 100 parts of sulphuric ether in an open vessel ; 
add 50 parts of finest plumbago, mix perfectly, and 
expose the compound to the sunlight, frequently 
stirring it until dry. It is applied in the usual 
way. In taking moulds of rough and large objects 
by pressure, a thin coating of fine white bronze 
powder may be dusted over the substance to form 
the mould; the blackleading may afterwards be 
carried out with much greater ease. 

Printing surfaces, especially of type, should not 

N 
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be electrotyped upon moulds rendered conductive 
by the phosphorus and silver method, because 
the deposit is always brittle at the surface, and 
set-up type shells are generally very thin, espe-* 
cially at the heads of letters and lines. 

Failures, — ^These make their appearance in and 
after the depositing process; but they are usually 
due to some part of the preparatory work being 
neglected. Failures are very rare when the mould 
has been properly made, and its surface carefully 
blackleaded, or otherwise rendered conductive. 
Holes through the shells are due either to non- 
conducting spots or to unequal distribution of the 
negative pole ; small pin-holes are usually caused 
by gas, due to too strong a current, or to air 
bubbles, which may be swept off. A total failure 
of deposit can always be traced to a failure of the 
current, either through the battery or at the con- 
tact points. Partial failure of deposit is usually 
due to careless facing with the conductive sub- 
stance, or to a very partial distribution of the 
cathode pole. These defects should be arranged 
for and foreseen in the preparatory process. Dirty 
deposits are usually due to dirt from the anodes. 
Electrotyped copper is generally clean, and should 
be used when this troublesome fault appears ; the 
defects may also be due to faults in the surfacing. 
The succeeding chapter is devoted to a description 
of the depositing process, which should be partly 
understood before even facing a mould is at- 
tempted. 



CHAPTER VIIL 
The Depositing Process. 

In the preceding chapter and the present one the 
two most important operations in the electrotyper's 
art are dealt with. The depositing process, which 
is now to be described, is the most interesting in 
the whole art, because by its aid we obtain the 
actual electrotype, and reap the reward of all 
the patience and skill we may have devoted to 
the acquisition of fundamental knowledge and the 
mastery of manipulatory details. 

The preparation of representative types of the 
various kinds of work likely to pass into the hands 
of electrotypers has been fully described ; which 
means that we have obtained moulds upon which 
electrotypes are to be deposited, prepared objects 
themselves for direct negative electro-typing, and 
carefully provided each with a good conducting 
surface, and also with the necessary leading wires 
or single connections ; the work is, in short, ready 
to be hung in the solution to form the electro-type. 

In Chapter V. is described all the apparatus 
employed in the depositing process, and we must 
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refer back to that section if not fully acquainted 
with the construction of the depositing vessel and 
its furniture. The battery, or source of power, is 
spoken of at length in Chapter IIL, and to the 
concluding portion of that section reference should 
be made in case of doubt as to the way in which 
the action or connections are regulated to obtain 
more or less current or electro-motive force. In 
the present chapter will be given many details 
regarding the employment of electricity in deposit- 
ing, but they will be found to prove insufficient 
unless studied in conjunction with the portion of 
Chapter III. just referred to. 

The Various Processes of Deposition. — ^Reference 
to Chapter I. will afford information as to the 
various methods adopted in depositing copper 
electrotypes, but, from a fundamental standpoint, 
they are all the same, with modifications in the 
arrangement of vessels and source of electricity^ 
It will further be observed that throughout this 
work only one method or process is recommended 
for operations of practical importance. This pro- 
cess consists in the employment of an independent 
source of electricity and a simple open depositing 
vessel of a size suited to the magnitude of the 
operation, with leading wires and anode. 

Single- Cell Method, — This process for producing 
small electrotypes has been partly described at 
p. 25, but a number of important points in the 
after-process remain to be dealt with in this 
place. 
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The method from first to last is only well 
adapted to experimental work or to instruction 
combined with amusement; but it is extensively 
practised oh the Continent in the production of 
even large electrotypes. It is, however, too slow, 
and is not applicable in cases where the electricity 
required is derived from other sources than zinc 
and sulphuric acid. 

Assuming the matrix or cathode to be ready for 
immersion in the solution, it should be carefully 
noted whether the zinc-wire {negative pole) is clean 
where the work touches it, and that its connection 
with the zinc itself is without doubt metallic and 
clean ; any fault at those points, or at the con- 
junction of the conducting face and leading wire 
of the matrix, will either greatly retard the pro- 
gress of the work or entirely stop the current. 

It will be observed that this process may at any 
time be conducted in a common Dahiell's cell by 
simply removing its copper cylinder. The single- 
cell process is merely the working through itself 
of a Daniell-cell current, because the matrix to be 
deposited upon serves the purpose of the copper 
cylinder or negative element. 

When the mould is hung in the solution, a 
deposit of copper is at once observed to form upon 
the wire. This preliminary deposition enables the 
operator to determine whether his current is of the 
required strength to produce malleable copper. If 
the deposit should appear very pale, and be slow 
in forming, it may be assumed that the current is 
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too weak. This is remedied by either placing the 
mould nearer to the porous cell, or placing an 
additional drop or two of sulphuric acid in the 
latter. If the deposit should appear of a very dark 
red or black, it indicates that the current is too 
strong; this may be remedied by placing the 
mould farther away from the cell, or by lifting the 
zinc partly out of its exciting liquid. It is better 
to see the copper appear rather dark than the 
reverse. When a good colour is obtained, the de- 
position may be allowed to proceed ; the tiempera- 
ture should not be under 60° F. The effects of 
temperature are very marked in the depositing 
process, a difference of a few degrees often giving 
rise to failure. If the temperature be higher than 
60° F. the current will prove more vigorous, and 
the reverse with a lower temperature. The deposit 
will spread slowly, commencing upon the wire, 
over the upper portion of the mould, usually 
around the edges, and finally all over the face. 
When it becomes as thick as brown paper, or good 
writing paper, it may be removed from its matrix 
by gently heating it. The whole should be plunged 
in warm water in doing this ; but in any case the 
deposit should not be overheated or dragged off 
the mould forcibly. 

When the electrotjrpe of a medal is intended to 
exhibit one face only, it should be strengthened by 
a backing of lead and tin, but pitch or shellac 
may be employed for small work. (See Final 
Preparation^ Chapter X.) 



^^ 
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Holes in the electrot3rpe are generally caused by 
defective facing with blacklead, or by removing 
the deposit before it has attained a sufficient thick- 
ness. It will be observed that the deposit is 
thickest upon the prominent points of the matrix 
and thinnest in the sunk parts, so that in removing 
it should first be insured that a sufficiently strong 
shell has been deposited throughout. In deposit- 
ing, the face of the mould should always be turned 
to the porous cell, or one face at a time if both be 
conductive. If the mould or object should be 
round, it must be slowly turned towards the cell 
as the deposition proceeds, because the thickest 
deposit is always made upon the nearest points of the 
cathode^ Hence, if we take a copper plate and 
bind it to a V shape, slinging it in the solution so 
that the apex of the V may be nearest to the cell, 
we shall obtain a deposit beautifully graduating in 
thickness as the sides recede from the zinc. The 
deposit is thus thick at the apex and thins off 
upon the sides. 

The time occupied in depositing a copy of a 
medal or a small engraved block depends greatly 
upon the size of the cell and work. In a cell 
capable of containing two quarts, about 10 grains 
of copper per hour may be expected, because the 
current may prove less than a veber, which will 
give a deposit at the rate of 17 or 18 grains. 
Twenty-four hours may be taken as a general 
average ; but when the electrotype is required to 
be quite rigid, with no after backing, it may be 
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made of any thickness, say, up to i^^th of an inch, 
which may require the action to be continued for 
a week. In any case it will be found that for smaU 
cells about 10 grains will be deposited per hour, 
and 20 grains in large cells. In the case of 
continuing the action for some time, the instruc- 
tions given at p. 50 for the management oi 
Daniell batteries fully apply to it. 

Nodules are small projections upon the electro- 
t3rpe when a thick shell is required; they are 
troublesome, because they divert the force in their 
own direction and increase in size very rapidly. 
It is usually best to remove the electrotype and file 
them ofi^ cleaning the surface again by a dip in 
nitric acid ; after which the deposition may pro- 
ceed. Sometimes these troublesome projections 
may be nipped oflF with a cutting pliers. 

When the electrot3rpe is first detached from its 
mould it presents an extremely rich and beautiful 
appearance, which is speedily destroyed by ex- 
posure to the air. Should it be desired to retain 
it as much as possible, the surface may be warmed 
(heating above a certain point will destroy the 
colour), and pale lacquer applied with a camel-hair 
brush. Only a very thin coating should be brushed 
on. Or it is common to colour the surface by 
bronzing and other methods. 

Brown Finish. — ^This is easily obtained by moist- 
ening the face of the electrotype with water to 
which a little nitric acid has been added, allow- 
ing it to dry, and then gradually heating it until 
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the required shade is obtained. Many beautiful 
effects may be obtained by producing a dark 
brown, and then brightening some of the pro- 
.'ainences by rubbing with a cloth or leather 
dipped in aqueous ammonia. The dark coating is 
oxide of copper. A more permanent effect may be 
produced by rubbing the electrotype face all over 
with rouge and finally covering with rouge and 
heating to near redness. 

Black Finish may be obtained by dipping re- 
peatedly in a weak solution of platinum chloride, 
or by polishing up with plumbago, or by holding 
over the smoke of burning straw. Other methods, 
especially applicable to busts and the larger 
electrotypes, will be found described in Chap. X. 

The Standard Process. — ^It is assumed that 
the reader is already acquainted with the source of 
electricity to be used, as described in Chapter III. ; 
with the solution from which the electrotype is to 
be deposited, as spoken of in Chapter IV. ; with 
the depositing vessel described in Chapter V. ; and 
with the preparatory methods recommended in 
Chapter VII. 

Flat Work. — ^The method by which flat electro- 
types may be deposited is not in some particulars 
adapted to hollow or round work. Flat work is 
the most easily managed. It includes all kinds of 
wood engravings, flat works of art, and formes of 
set-up type, with and without woodcuts. 

The most essential particulars relating to lead- 
ing and connecting wires are given in Chapter VIL; 
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and in the case of woodcuts and formes of t3rpe, 
where moulding boxes are employed, no difficulty 
will ever be met with, because the connection with 
the blackleaded face is good throughout. But 
when metallic moulding boxes are not employed, 
and the mould is taken on a body of gutta-percha 
or other substance, the case is different, as the 
conduction, if simply arranged to begin at one 
point, will cause the deposit to be heaviest at that 
point, and will retard the spreading of the de- 
posit. It should be observed that all the leading 
connections are well distributed about the matrix, 
and that the battery connections are cleanly made 
with both anode and cathode rods. It is very im- 
portant also to observe the preliminary moistening 
mentioned at p. 167. 

To commence operations, the mould being ready 
and the solution in its vessel, the battery should 
be set in action. One cell of a Smee, bichromate, 
or Daniell battery, if large, will suffice for the 
main deposit ; but to drive the copper over the 
blackleaded face at first requires in some cases 
two cells, or a higher electro-motive force. In any 
case, two cells joined together for electro-motive 
force will hasten the first coating ; even three cells 
may be used if the work be over a foot square. In 
like manner the thermo-electric or dynamo-electric 
currents should be regulated to give much force at 
first. 

Lead a conductor from the positive pole of the 
electric source to the anode rod of the depositing 
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vessel, and another from the negative pole to 
the cathode rod (it will be remembered that the 
cathode in our case is the surface receiving the 
electrotype). Select a plate of clean copper for 
the anode, with a surface equal to the cathode, 
and hang it in the solution from the anode rod. 
Hang, also, the cathode from its rod. The 
distance between the two cannot be stated without 
also knowing the strength of current and other 
particulars. They may at first be placed six 
inches apart, if large. The copper will first appear 
at the edges of the conducting frame, or upon the 
wire. Its colour and appearance will show whether 
the cathode is too near to the anode. If the 
deposit should exhibit a rather dark colour it may 
be left alone, as greater surface will remedy that 
and give it a lighter appearance ; but if it be in 
the shape of black grains the plates must be 
separated. When the deposit begins to form 
upon the mould itself, its progress will be but 
slow until it has quite covered the surface. 

Hard Brass-faced Eledrofypes. — When copper is 
deposited slowly upon a mould from a printing 
surface, it tends to be harder than when deposited 
quickly. But it does not usually answer the pur- 
pose to deposit slowly : too much time is consumed, 
and the metal is apt to be too brittle. 

The author, in the course of some experiments, 
fell upon a method by means of which the electro- 
type can be faced from the commencement with a 
very hard alloy of copper and zinc. This facing 
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presents all the advantages of a copper face, lasts 
twice as long, costs little extra, and, moreover, 
takes the coloured inks readily without apparent 
deterioration. 

The solution employed is simply a copper one, 
in a separate vessel, which has been worked with 
a rolled brass anode until an alloy deposit could 
be secured upon a blackleaded mould. The 
quickest way is to make up a brassing solution, as 
directed at p. 1 1 5, and to work this with a pale 
brass anode. What is required is a preliminary 
deposit of hard alloy upon the mould. The battery 
power should in all cases be greater than that 
used for copper alone. With moderate battery 
power the facing deposit will require more time 
than usual. 

The prepared mould is placed in the facing 
solution and a thin deposit thrown all over its 
face. It is then transferred quickly to the ordi- 
nary copper solution, and finished as usual. More 
than ordinary care should be taken to prevent gas 
from settling in the hollows of the mould in the 
facing solution. 'l*hc? buttery power should be 
equal to two or three Bunsen cells. * A pale 
deposit secured slowly with moderate battery 
power is harder than the same deposit precipitated 
quickly with great battery power ; therefore 
the facing deposit should be arranged to form 
slowly. If too pale the deposit will be soft, 
and if too red it will be soft. A medium can 
be struck between the two, when the maximum 
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of hardness and the minimum proportion of 
zinc may be precipitated. In Chapter IX, this 
method is mentioned in connection with brass- 
facing, and some further remarks made upon its 
working. It is applicable to copies from steel 
plates and wood blocks, and may be iised with 
advantage upon moulds taken from type. Brass, 
of whatever quality, is always much more difficult 
to deposit than copper; and to those unacquainted 
with its nature some preliminary difficulties are 
presented in the working of this process. 

Precautions against Gas Bubbles. — ^A wide camel- 
hair brush should be passed O'ver the face of the 
mould two or three times while the deposit is 
forming, care being taken to reach the hollows, 
because gas is liable to accumulate in them and 
cause holes to appear in the electrotype. 

Temperature is of great importance in electro- 
deposition ; a fall of a few degrees will necessitate 
the employment of greater battery power ; 60" F, 
is the best working temperature. 

As soon as the copper has completely covered 
the surface of the mould, one of the cells, if two be 
used, maybe disconnected and the work allowtd 
to proceed with one cell, or both coupled for 
quantity. In most cases the plates may be ap- 
proached more closely together as soon as a com- 
plete deposit is secured. It should be a rule to 
work as near to the anode as possible, so far as 
good copper may be obtained; in fact there is- 
little danger of bad metal being deposited 
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the mould is quite covered. The current may be 
augmented according to the speed required. A 
slight addition of caustic soda to the solution will 
quicken the rate of deposition. 

With the fullest current which may be applied, 
a good shell from a flat surface may be deposited 
in five hours. This is very rapid work. From 
eight to eighteen or twenty hours is the general 
time, according to the current employed and the 
skill of the depositor. A skilful electrotyper can 
work with dynamo-electric current at a very rapid 
rate. In America electrotypes of set-up^ type and 
blocks are frequently deposited in less than five 
hours ; indeed, they are often finished and in the 
printing-press within five hours of placing the 
mould in the depositing vessel. 

As a general rule the electro-motive force of one 
cell is made to both start and keep up the depo- 
sition, but time is saved by employing two or even 
three cells at first. This applies so far as the 
forcing of the deposit all over the mould is con- 
cerned. When it forms a complete covering, 
however thin, the tension should be reduced, 
because it is expensive and not necessary. After- 
wards, mitil the electrotype is complete, the cells 
may be joined up for quantity. A lo-gallon 
Daniell or Smee cell should deposit at the rate of 
(at least) about 51 grains per hour. This is the 
work of three vebers in a low resistance. Two 
cells should do double this work when coupled for 
quantity. 
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During the deposition frequent motion of the 
cathode is advisable, especially when dealing with 
thick deposits, because vertical lines, usually pre» 
senting an appearance of a large note of exclama- 
tion (!), are found upon the back of the plate. 
When the mould is frequently shifted, or kept in 
motion in the solution, the metal is more regu- 
larly deposited. 

In the case of working with the dynamo-electric 
machine it is especially necessary, owing to the 
rapidity of the process, to keep the solution in 
motion. In some cases this is done by means of a 
screw, similar to a steamboat propeller, which is 
mounted upon a short shaft supported upon two 
plummer-blocks in the vat, at ore end. The 
motion is given by a band which is driven from 
the shaft that rotates the dynamo-electric machine. 
In this way, as the propeller and band are at one 
extremity of the vat only, the operator is free to 
occupy with his work nearly the full lengfth of the 
vat. The propeller- shaft maybe hung horizontally 
or vertically. In any case the propeller should 
be about 8 inches above the bottom of the vat. 
The continued motion gives a regular rotation to 
the solution. In some cases the mould itself may 
be moved, but it is usually better to rotate the 
solution. Wire nets are frequently employed to 
separate the bottom sediment and prevent it from 
rising to the surface of the liquid and mould. 

Faults and Failures are always caused by defects 
in the solution or mould, or in the battery. One of 
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the most troublesome of faults is due to want ol 
care to free the mould from hydrogen gas when 
employing a strong current. These gas bubbles 
cause pin-holes. The pin-holes may also be caused 
by faulty blackleading. These holes cannot be 
discovered until the electrotype is removed from its 
matrix and held up to the light. When working 
with a strong current it is advantageous to dissolve 
a little chlorate of potash in hot water and stir it 
into the solution. This is believed (as it contains 
so much oxygen) to act as an absorber of the 
hydrogen; but in any case the camel-hair brush 
should be passed lightly over the mould two or 
three times during the process of covering the 
mould. 

No mould while receiving a deposit should be 
removed from the trough for any considerable time 
or until it becomes dry. In the case of its being 
necessary to remove the mould, it should be kept 
under water until it can be replaced in the solution. 
Nor should the fingers be allowed to touch the 
mould or deposit, except under water ; the slightest 
trace of foreign matter will prevent adherence at 
that point. 

Thickness of Deposit — ^The usual thickness of shell 
is about -^nd. of an inch. It may be ascertained by 
removing from the solution and with a knife gently 
raising a corner (the thinnest corner) of the deposit. 
When satisfied that the shell is sufficiently rigid 
and complete it may be removed from the so^''* 

Separation of the Shell from the Matrix.- 
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it is decided that the deposit has attained a suffi- 
cient thickness (minimum ^^nd of an inch) wash well 
in cold water, and afterwards pour hot water on the 
back of the shell. This will have the effect of 
melting the wax composition and releasing the 
shell, which should now be carefully rinsed in both 
hot and cold water and held up to examine for pin- 
holes. When only a very few small holes are 
found they may be marked, and the plate laid aside 
to be completed, backed, and mounted. The deposit 
should be rejected if holes appear upon the lines 
of the engraving, or upon type, so as to render 
it difficult to repair them. Further information 
regarding the process, but generally applicable, is 
given further on. 

Electrotypes from Steel Engravings. — This is 
known as " fine work," and the matrix is prepared 
as directed at p. 1 68, finishing with the conducting 
solution. The deposit of copper is secured in 
exactly the same way ais in the foregoing instances, 
but the electrot3rpe required is much thicker, and 
frequently takes from one to two weeks to deposit. 
The thickness varies with the size, but a general 
gauge is -^ inch, or more than double the ordinary 
thickness. A light metallic frame should be used, 
by means of which the mould may be hung in the 
solution without risk of warping. The first deposit 
should be driven on quickly by the aid of high 
electro-motive force. The greatest care should be 
taken to turn out ^mj^ electrotypes as perfectly as 
Dossible, because fp re expected to exhibit all 
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the excellent features of the original. All such 
electrotypes of steel-plates are afterwards "sieel- 
faced" a process which is described in Chapter IX. 

Finishing Details. — ^These will be found applic- 
able to all classes oi work in Chapter X. ; they 
consist in tinning^ backing, squaring, planing, 
^* picking" &c., and finally mounting on wood tor 
printing, 

Coppering Iron Cylinders. — ^The old method of 
coppering the iron rollers used in calico and paper 
printing was by means of a single cell and a 
number of porous pots arranged around the sur- 
face. The improved plan is much more rapid, and 
is incomparably cheaper. The dynamo-electric 
machine is usually employed to furnish the current 
required. Lai^e vats of solution are used, and the 
anode plates are curved to correspond with the 
curvature of the cylinders. By these means from 
four to six pounds of copper can be deposited upon 
a cylinder in eight hours. The solution employed 
in the preparatory process is a cyanide one, de- 
scribed at p. 103. In this solution, as described, the 
cylinder is merely covered with copper. The main 
deposit is secured in a common sulphate solution. 
The vats should always be horizontal ones, and the 
cylinders should be rotated slowly. 

Deposition of Akt and other Works. — This 
section is devoted to special iretiimr — ^ — wk, 
or electrotypes where rounded an *» 

faces are constantly met with, pri 
difticulties than plain flat work, as 
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One of the most important points to be constantly 
observed in depositing work with uneven siir- 
faces is the tendency of the deposit to become 
thickened upon points and edges. Thus, a rounded 
surface presented to a flat anode will not receive a 
regular deposit ; the shell of copper will be thickest 
at the line nearest the anode, and will from this 
point graduate off to nothing. This is another 
way of simply saying that all parts of the cathode 
face must be equt-distant from the anode face. 

The smaller the articles deposited upon the 
more true is this, because the effect of the current 
is not sufficiently diffused to include all irregu- 
larities of the surface. 

All rounded exterior surfaces can be deposited 
upon regularly by the use of one or a pair of 
concave anodes. The anode plates in this case 
should be thin, and may be bent and curved to 
answer pretty closely to the outline of the cathode. 
When both sides ot an object are to be deposited 
upon at once, it is better to employ two curved 
anode plates, so arranged as to allow free cir- 
culation of the liquid by agitation or otherwise. 
In some cases the nature of the exterior surface 
may necessitate the employment of several anode 
plates, all connected, of cours^e, to the positive pole 
of the battery. The main object is to effect an 
L" 'ion of anode surface over the object. 

t be coated upon both sides at once 

^^^^H '^een tw^ " — '-^ nlates, or between 
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Outside Under cuttings. — When a surface is very 
irregular, and especially when it is undercut to 
any considerable extent, it presents points diffi- 
cult to commence a deposit upon. In many in- 
stances these undercuttings are so deep as to 
prevent the effect of the anode from reaching 
them. In most cases, also, these are met with 
upon blackleaded work, which augments the 
difficulty. But by a little skill the deposit may 
be commenced at those very difficult points 
by at first keeping out the regular anode, and 
employing one composed of a twist or two of 
copper wire, or a small plate sufficiently large to 
enter the deepest cavities of the cathode. When 
only a few of these cavities appear, the miniature 
anode may be mounted upon the end of a stiff 
wire, so that it may be bent to the position re- 
quired to lead the deposit just where the operator 
requires it to fall. In some cases the current will 
be found too strong, and apt to give a black de- 
posit if the regular anode is removed ; but in any 
case the larger anode should be kept back until 
the hollows have been deposited in. By select- 
ing a stiff, stout copper wire, and making as many 
loops upon it as will answer to the chief hollows, 
it may be so bent and arranged in a few minutes 
as to lead the deposit regularly into the hollows. 
These supplementary anodes must in all cases be 
connected with the positive pole of the battery. 

Or another plan may be adopted from the be- 
ginning; but it is not generally applicable or neces- 
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sary except when the undercutting is beyond the 
reach of the blacklead brush. Each hollow may be 
made to conduct better than the general surface 
by means of precipitated nitrate of silver (p. 169), 
or other solution used with elastic moulds. Under- 
cut surfaces are, however, frequently deposited 
upon without any of the devices here mentioned. 
It is well known that a high electro-motive force 
tends to spread a deposit over a refractory surface. 
In this way it is by no means impossible to drive 
a deposit over clean gutta-percha. Hence, by add- 
ing to the electro-motive force of the battery, and 
employing only a small anode, most of the ordinary 
depressions on a mould may be reactied very 
shortly after the general surface has been coated. 
It is, however, of the greatest importance to secure 
strong metal upon hollows, because these require 
the most strength, being the prominent portions of 
the electrotype. 

The solution in the hollows, if allowed to rest, 
is very apt to become weak. The same may take 
place when anodes are employed to surround a 
cathode: in all such cases the solution must be 
made to circulate, by gently stirring or by shifting 
the anodes and cathode frequently. In some 
cases also copper anodes, unless of electrotyped 
copper, are so impure that the dirt set free effects 
much mischief. Platinum foil and wire are ex- 
tensively employed as anodes, where common 
copper would be inadmissible. Instances of these 
applications are given further on in this chapter.. 
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Interior Work, — ^Deposits upon the interior sur- 
faces of moulds present those difficulties which 
most try the skill and forethought of the electro- 
typer. They must be formed, as has been shown 
in the section devoted to Preparation^ upon all 
kinds of surfaces, and upon all the usual moulding 
materials. The most important outlook is to 
secure a really good conducting surface, as strong 
in the hollows as upon the heights. The nega- 
tive conducting system must be as perfect as pos- 
sible, and should especially include branches to 
all the hollow parts, as recommended at p. 175. 
These systems should, as much as possible, be so 
arranged as to allow of an anode being hung in the 
mould. The shape of this anode, in the case of a 
bust, should to a certain degree correspond with the 
interior outline of the mould. 

Anodes of platinum wire are frequently employed 
in this way, made up as a kind of frame to the 
general interior outline, but small enough to avoid 
risk of touching within the mould. These anodes 
are afterwards, if the deposit be of the shape to 
necessitate it, pulled out through a hole in the 
head of the bust, or from underneath. In most 
cases of bust work, however, including many 
natural objects, there is an opening at the base of 
the mould large enough to allow of the use of a 
cylinder of sheet copper as an anode. A constant 
stream of the solution should be caused to flow 
through all interior moulds where copper anodes 
are employed ; this is necessary, because these 
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anodes are constantly giving off dirt, which is apt 
to fall into hollow places and so prevent the for- 
mation of a strong deposit there. A stream of the 
solution issuing from the lower part of the mould 
will carry all the usual impurities with it to the 
bottom of the vat. 

Air bubbles, which in all classes of work give 
great trouble to electrotypers, must be especially 
guarded against in the deposition of interior work. 
Gas must also be avoided by regulating the cur- 
rent. Dipping the mould, or wetting it within, 
with spirits of wine has been recommended, but it 
is probably best to carefully carry out the instruc- 
tions given at p. 157, regarding thoroughly wetting 
every portion of the mould with water simply, 
before placing it in the solution. A camel-hair 
brush may also be employed when the hand can 
be placed in the mould. 

Some of the largest electrotypes, as that of the 
Earl of Eglinton (13^ feet high), made by Messrs. 
Elkington, are deposited by the process mentioned 
at p. 173. By these means, although the original 
(plaster bust or model) is destroyed in the process, 
most of the difficulties are removed, and a convex 
anode, with a skilful distribution of leading wires, 
secures the formation of a rigid shell. By these 
means the shell is deposited in parts and after- 
wards soldered together. The great advantage of 
this method lies in the certainty with which the 
deposit may be led over the whole surface. Each 
taction should be deposited to ^ given thickness, 
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or the lower portions of a statue may be made 
thickest to give strength to the whole. 

The deposition of copper as applicable to every 
kind of art work may be fully studied upon exte- 
rior rounded surfaces. As much as possible the 
primary conditions should resemble those applied 
in common flat work ; that is, the copper must be 
led to the required points by an intelligently- 
arranged system of anode surface and negative 
leading wires. The anode and negative wires 
should act in conjimction in drawing the deposit 
into difficult hollows. The deposit always first falls 
at the point where resistance to the current is weakest. 
Following this rule the protruding portions of the 
mould need no special arrangements to draw the 
deposit towards them. 

In Chapter VII. are given numerous particulars 
in the preparation of the work previous to placing 
it in the depositing vat. We are chiefly concerned 
here with the actual deposition ol the copper, which 
is always comparatively easy to carry out when 
the work has been carefully prepared. The three 
chief points to observe are — to obtain good copper, 
to obtain it in the hollows first, or as soon as pos- 
sible by a combination of negative conductors and 
anodes, and to prevent the deposition of dirt upon 
any portion of the mould. 

The Cause of Slow Deposits. — Slow deposits are 
always caused by weak currents; but the weak- 
ness of the current may arise from a variety of 
causes. As a rule, the deposit upon a blackleaded 
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surface is slow in forming, but this is due to the 
great resistance offered by the imperfect conductor. 
As soon as the surface is covered the speed of 
deposition is greatly increased if the current be of 
proper strength. Then it follows that if a good 
strength of current be passing a corresponding 
amount of copper should be secured. It ^vill, ot 
course, be understood that as long as the actual 
facing is being deposited the work wiU be slow 
unless the electro-motive force be increased. There 
is no economy in increasing the current during 
this stage of the process. When the word current 
is used here it signifies the actual current, not the 
current which might pass if the resistance and dis- 
tance apart were reduced. Thus, the currents 
yielded by a battery when on short circuit and 
when depositing copper are very different in 
strength. Work of any kind always reduces the 
current, and it is the amount of electrical energy 
actually passing that we have to deal with. Hence 
the work or depositing rate may be taken to be 
proportionate to the actual current. A rise of 
temperature will increase the current by decreas- 
ing the resistance. 

Dirty Anodes.— It may prove both interesting 
and instructive to give some particulars of the 
cause of the films observed on copper anodes. 
Xhey are usually brown or black in colour, and 
appear on the dissolving surface in proportion 
the amount of copper withdrawn. This dirt is 
source of great trouble to the operator, because.. 
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not only necessitates frequent cleaning of the 
anode, but falls to the bottom of the vat, and when 
disturbed is apt to get upon or into the moulds. 

If the plan recommended by the author — that 
of using only Daniell cells and employing their 
electrotype copper for anodes — ^were once tried, it 
would probably be always used, because the copper 
is quite free from the foreign matters spoken of as 
dirt. 

A chemist on analyzing the dirt found it to con- 
sist of a great number of different substances, 
among which the percentage of tin was 33, of 
copper 9, antimony 9, arsenic 7, silver 4, sulphur 2, 
and nickel 2. 

Cause of Nodules. — ^These are little lumps of 
copper which frequently appear on the back of an 
electrotype and retard the progress of the real 
deposit. They are caused chiefly by employing a 
current too small and an electro-motive force too 
high. The formation of these warty excrescences, 
however, greatly assists in the spreading of a 
deposit over a refractory substance ; they exert a 
repulsive effect which undoubtedly assists to a con- 
siderable extent the driving of a deposit into hollows 
in the mould. In such cases the current must be 
small. (See p. 197.) 

Redissolution of the Deposit. — ^This must be espe- 
cially guarded against, as, besides retarding the 
progress of the work, it is apt to render it porous 
and spongy. It is chiefly caused by carelessly 
allowing the battery pov/er to become too weak. 
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when the counter force of the depositing-cell (p. .18) 
is allowed to come into action to reverse the direc- 
tion of electrolysis and dissolve the cathode. The 
same may take place when the dynamo-electric 
machine is employed, by allowing the work to 
remain in the bath while the machine is idle. In 
this case, if an efficient safety circuit-break, such 
as that devised by the author (p. 84), is not fitted 
to the circuit, the polarity of the machine is very 
apt to become reversed, and the current reversed 
also on again starting the machine. The result is, 
of course, to dissolve the deposit, and probably 
destroy the mould. (See also p. 83.) 

DynamO'eleciric Working. — Most of the necessary 
directions for the management of dynamo-electric 
machines have already been given (p. 82, Chap. III.). 
The bulk of liquid should be large, and an extended 
system of anode and cathode rods should cross the 
vat. The deposits are obtained with full current 
much more quickly than by the battery current, 
but no rapid deposition can be done on very small 
work ; this is the reason why dynamo-electric cur- 
rents are not economical unless employed in large 
baths upon large electrotypes. The battery current 
is better adapted in many ways for work of mode- 
rate size, and although it cannot be quicker in 
action than the machine current, it is in small 
operations much cheaper and more easily handled 
by the operator. 

Cost of the Process. — Machine work is very much 
cheaper than battery work, and the copper on 
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large electrotypes deposited by machine is usually 
of better quality. The actual cost of the dynamo- 
electric current per pound of copper, including 
labour, is frequently less than threepence, but 
the general cost with small machines will be 
higher. The battery current, reckoning the zinc 
salts, &c., to be thrown away, cannot be much 
less, without labour, than sixpence per pound of 
copper, because the zinc costs about fourpence 
per pound and acid about three balance. As a 
rule, the battery is more expensive than this, 
even in skilful hands, because two pounds of 
zinc are frequently dissolved in depositing one of 
copper. 

The process of depositing hard facings for elec- 
trotypes is described in the succeeding chapter. 



CHAPTER IX. 

Hard Facings for Electrotypes. 

ELECTRO-deposits of iron are exceedingly hard 
and strongly adherent. When a copy from an 
engraved steel plate is thinly coated or faced with 
iron by means of electricity it is said to be " steel- 
faced," and the term does not appear to be inap- 
propriate when it is stated that a steel-faced elec- 
trotype can be made to stand wear even better 
than the original steel engraving. Iron electro- 
deposition is, indeed, almost confined to the tacing 
of electro-plates. When the steel face wears off 
the residue may be dissolved away by means of 
dilute sulphuric acid without injury to the real tace, 
and the process repeated with all the original 
sharpness an indefinite number of times. The iron 
takes ink more readily than most surfaces, and 
cannot, like copper, be injured by printing in ver- 
milion, the mercury of which combines with copper. 
The plates from which bank-notes and cheques are 
printed are in most cases iron-faced. 

Nickel may be used for the same purpose, and 
has lately been tried by the author with success. 
It is hard, strongly adhesive, and is more easily, 
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deposited than iron ; it possesses, indeed, all the 
good qualities of iron without its tendency to rust. 
The iron depositing solution is readily decomposed 
by absorbing oxygen from the air, and otherwise 
gives much trouble. Nickel solution, on the other 
hand, can be kept for years without spontaneous 
decomposition occurring. On account of these 
obvious advantages, directions for working a nickel 
solution are given at p. 114, and instructions for its 
use further on. 

Preparation of the Copper^plate. — At p. no will be 
found directions for making up an iron solution, 
and for its preservation when made. When a 
copper copy of a steel engraving has been secured, 
as directed at p. 193, it is removed from the solution 
and well washed ; a level wooden block of the same 
size as the plate is covered with an adherent layer 
of stearine or wax, and the warmed copper-plate 
pressed face downwards upon it. When well 
secured in this way, and the face is protected from 
possible injury, the edges are sawn off square with 
the circular saw ; the back, covered as it is with 
variously-shaped excrescences of copper, must be 
partly filed, and afterwards, if possible, planed 
level ; the plate must, in fact, be made of a uniform 
thickness throughout. It is afterwards removed 
and the edges bevelled, so that when finished the 
plate shall be similar to the original. 

Before steel-facing, the surface of the plate is 
cleaned off carefully by means of turpentine, ben- 
zine, and finally hot caustic potash solution, when, 
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after washing, it is ready for the depositing process. 
Care should be taken not to touch the face of the 
plate with the fingers, as at that point the deposit 
of iron is liable to be defective and strip in the 
printing. The plate may be suspended in the solu- 
tion by means of two hooks of copper wire, upon 
which its lower edge may rest ; or a copper wire 
may be soldered to the back. The former method 
is generally considered the better. 

A battery current of one gallon Bunsen cell 
(p. 50) is frequently employed, but it is too weak. 
Two cells should be used, exposing in each a sur- 
face of zinc at least as large as the plate to be 
faced. It is usually convenient to first immerse a 
plate of copper to find at what distance the anode 
should be placed from the cathode. The anode 
should have a surface about five times larger than 
the plate to be coated. When immersed for a few 
minutes, and a whitish coating is observed to 
spread over the surface, remove, wash, and rub with 
a brush; remove again and wash after a few 
minutes. Treat as before, and when the iron has 
spread well into all the lines it may be considered 
sufficiently deep. Wash the plate in hot water 
very carefully when finally removed, and if not 
intended for immediate use, dry slowly and coat 
the surface with bees' -wax by the aid of heat. The 
deposit must not, of course, be allowed to go so far 
as to a£fect to any considerable extent the fine 
lines of the engraving, but it must be allowed to 
cover the whole surface of the plat^ ttt,.„. ^ 
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Strong current is used the deposit is more apt to 
contain gas, but this can be avoided by more fre- 
quent removal and brushing. The fingers should 
not be allowed to touch the face of the plate, 
except under the solution. 

A very large anode must also be used, otherwise 
the solution will get weak and acid. In this pro- 
cess the usual practice of providing an anode of a 
size equal to the cathode must be departed from. 
The iron composing the anode should be as fine as 
possible. Charcoal fron is generally employed 
with the best results. Gas is very apt to come off 
in the operation, but its presence, as the deposit is 
so thin, may be overlooked. The plate may with 
advantage be gently swung from side to side 
during the process. 

Nickel-Facing. — This process is much more easily 
carried out than that of iron-facing. The nickel 
solution required is described at p. 114. It should 
be in good order, neither distinctly acid nor alka- 
line, but if anything the alkaline tendency should 
predominate. It is not even necessary in deposit- 
ing small quantities of nickel, such as those 
required in facing plates, to employ a nickel anode, 
but it is always desirable and wise to do so. Occa- 
sionally a platinum foil anode can be made to 
answer, but the state of the solution must there- 
after be brought into working condition by the 
addition of the abstracted nickel, and also sulphate 
of ammonia to represent the alkaline constituent 
necessary to balance the acid. 
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* A current irom one Bunsen cell will usually 
prove sufficient. Great care should be taken to 
remove every trace of wax from the plate to be 
faced by means of benzine, and afterwards to wash 
well in hot caustic potash solution ; it is even 
advisable to boil the plate in the solution for fifteen 
minutes, and afterwards to wash well in water. 
The fingers should on no account be allowed to 
touch the face of the plate, otherwise the deposit 
may fail to adhere to the parts. The anode should 
have a surface a little larger than the plate. When 
the latter is suspended in the solution, it will prove 
advantageous to go over its surface with a long- 
handled soft brush, to dispel any films of air or 
bubbles of gas. When the first trace of a deposit 
appears, the brushing may be repeated, and in a 
few minutes the plate may be removed, washed, 
and then replaced. At this stage the process is 
the same as that given for iron-faced plates. The 
deposit will be sufficiently thick when it has 
entirely covered the plate. 

A strong current offers no advantages; it is 
liable to produce a porous deposit, even in the 
extremely thin coating required ; it is apt also to 
fill the hollows with gas and prevent the deposit 
from spreading easily between the lines. The 
object to be attained is a deposit accompanied with 
little or no gas. Rapid deposits are apt to be 
softer than slow deposits in the copper solution, 
and this is not less true when applied to nickel. 
Deposits formed slowly are always more highly 
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crystalline than those formed quickly, and are 
therefore harder and more brittle. There is little 
or no tendency to strip, even when the plate has 
been prepared carelessly. 

BrasS'Facing, — Electro-deposited brass may be 
made very hard, and thus forms a good facing 
especially for bookbinders' tools. 

The process is somewhat difficult, but there is 
the advantage of being able at will to obtain hard 
and soft brass according to the proportion of zinc 
contained in the deposit. The solution required 
has been described at p. 115. 

The articles are prepared as for iron or nickel 
facing. The anode used should be of a hard yellow 
brass. One cell of the Bunsen t3rpe will deposit 
the alloy, but two are generally used to hasten the 
operation. If the brass should be red it will prove 
soft, and contain too great a percentage of copper. 
A solution with this defect may be corrected by the 
use of a zinc anode until the brass exhibits a rather 
pale colour. When the zinc constituent of the 
alloy is in excess it adds, up to a certain point, to 
the hardness of the deposit. The process of depo- 
siting should not be hastened, because too great a 
proportion of copper is then thrown down, and the 
zinc itself tends to add to the softness. What is 
really required in a brass-facing is great hardness 
and perfect adhesion between the real surface and 
the artificial face. 

The author has successfully tried a method of 
giving to ordinary electrot3rpes a very hard face Iqr 
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means of zinc. The first deposit thrown upon the 
mould, forming the surface of the electrotype, is 
precipitated by the aid of increased battery power, 
and in a solution of which zinc forms a part. This 
deposit secured, the electrotype is removed and 
completed in the ordinary copper bath. The result 
is a facing much harder and more durable than 
copper itself| with the additional advantage that it 
does not, like pure copper, readily give way when 
printing vermilion. 

A solution suitable for this work may be made 
in a separate vessel by simply working a copper 
bath with a brass anode and a current from about 
three Bunsen cells in series, until a good hard 
deposit can be secured upon a copper plate or a 
blackleaded surface. The ordinary copper bath 
should not be employed for the purpose. Gas is 
generally given oflf, especially at the cathode, the 
surface of which should be frequently cleaned by 
means of a soft brush. When the deposit becomes 
too pale employ a copper anode for a time. 
(Seep. 187.) 



CHAPTER X. 

Final Preparation of the Work. 

After an electrotype is removed from the de- 
positing- stdntion, it is "finished;" that is, trimmed, 
backed, and mounted, if it belong to the printing 
class, or trimmed and joined to its corresponding 
section if it belong to the art electrotype order. 
The finishing of printing electrotypes is by far of 
the greater importance, and requires the exercise 
of the best skill ; it generally is, and always should 
be, a distinct operation, performed by spedal 
workmen trained to it. In most cases the finishing 
and correcting of printing electrotypes demands 
the attention of more than one special workman, 
as will be judged from the condensed description 
of the whole process given herewith. 

Finishing of Printing Surfaces. — When the elec- 
trotype is judged to be thick and rigid enough 
[^'jnd of an inch for backed work), the mould is 
removed and well washed. It is laid electrotype 
upwards and hot water poured upon the latter; 
this has the effect of softening the wax and freeing 
tiie shell. When any fragments of the shell hang 
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over the edges of the mould they should be clipped 
off previous to heating. A minute examination 
should be made at this stage of the face of the 
shell in order to find any defects that may exist, 
especially pinholes. 

Tinning. — ^The backing process is preceded by 
that of iinningj in which floating or tinning-pans 
and the backing metal bath mentioned at p. 137 
are employed. The tinning-tray is first floated 
upon the molten metal until quite hot ; the electro- 
type is laid upon it, face downwards, and a quan- 
tity of hydrochloric acid, in which zinc has been 
dissolved to saturation, thoroughly brushed over 
its back. This solution of zinc is usually called 
tinning or soldering fluid, and should be kept in a 
bottle for use. The tinning metal is usually a 
mixture of lead and tin, prepared by melting 
together equal parts of tin and lead, and either 
running it into thin sheets, to be cut into strips 
for use, or pouring it into water to obtain grain 
solder. A quantity of this solder is sprinkled over 
the back of the shell, and caused to spread, when 
melted, by the aid of a stick of solder or a stiff 
brush wetted with the soldering fluid. The tin 
must in all cases spread all over the electrotype 
back, and must also be caused to '^ take " to the 
surface, as mercury is observed to amalgamate 
with zinc. 

Precautions. — In the case of there being pinholes 
through the electrot3rpe, the soldering fluid must be 
used more sparingly, because it is apt to find its 
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way through the defects and attract the solder to 
the front, spoiling the printing surface. If the 
soldering fluid should exhibit any tendency to turn 
black upon the surface of the shell, a little water 
may be added to it, also a fragment of an alkali, 
as chloride of ammonium. Care shoidd be taken 
to keep the heat as Um as possible, consistent 
with free difiusion of the solder. If the shell 
should exhibit a tendency to curl up at the edges, 
weights of any kind may be employed to keep them 
fiat until backed and cool. 

Backing. — ^When properly tinned, iron bars may 
be so placed, if necessary, as to confine the metal 
to be poured on to the surface of the shell. The 
backing metal is ladled out of the melting-pot and 
poured upon the shell, commencing at one comer, 
until a moderate thickness is attained, so that 
enough may be left to plane down to gauge. Both 
tray and shell are removed together and allowed to 
cool. 

Squartng.—The superfluous width of shell and 
back may now be reduced by means of the circular 
saw to within one- fourth inch of the engraving or 
type, care being taken to cut square and straight 
to gauge. 

Levelling. — Shells are seldom sufiiciently rigid 
to prevent slight twisting or depression of the 
printing surface from appearing. When backed 
and cool they are, therefore, examined hv mAii^^ 
of a straight-edge and callipers, an<" ^\ 

sions from the general surface caref 
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the back. After this examination, the printing 
surface is placed upon a level and smooth iron 
block and the depressions corrected from the 
back by means of a smooth and round-faced ham- 
mer; the blows should not be harder than will 
actually serve the purpose. When the face is 
"home" to the level, which is indicated by the 
solidity of the soimd, it should be again examined 
from the other surface by means of the straight- 
edge. Sometimes the plate is further "planed" 
by the application of a printer's planing-block, of 
small size. 

Roughing. — ^This is the next operation ; it con- 
sists in cutting away, by means of a "roughing 
lathe," all backing metal not parallel with the 
printing surface of the electrotype. In many 
cases this process is made to complete the plate 
previous to mounting. The lathe has already 
been described {p. 138). A single layer of thin 
paper should be smoothly glued over the surface 
ot the revolving face-plate to prevent injury to the 
printing surface. The electrotype should be se- 
cured by means of the chuck-jaws as nearly as 
possible in the centre of the face-plate, and re- 
volved at a high speed. The cutting-tool or knife 
should be kept moistened with water. When the 
plate has been faced it is removed, and should 
be finished in the planer to the standard gauge. 

In both the roughing and planing operations 
care must be taken that the electrotype shall lie 
qu'' " +he face-plate and the planing-bed. 
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In the former case the chuck-jaws mast be set sp 
as to obviate twisting or bending the plate, or 
otherwise disturbing its accurate fiat surface. It 
is always well to have at hand a small printing- 
press, in which a preliminary " pull " can be ob- 
tained, to prove the flatness of the plate. 

Bevelling. — It is now usual to bevel off the edges 
of the electrotype in the bevelling machine, men- 
tioned at p. 139 ; but in some cases it is done by 
hand with a sharp file. A beveUing-plane is, 
however, much better adapted to the work, but 
care must be taken in either case to avoid work- 
ing too near to the edge of the engraving or type. 
When the electrotype is to be mounted upon 
wood, the bevelling may be done by hand and 
file, but otherwise it is not only necessary to square 
and bevel off very accurately, but to make every 
plate of the same work correspond in size with 
any other plate of the set, otherwise much con- 
fusion is likely to result in arranging them for the 
printing process. 

Correcting and Routing. — In cases where the 
original plate has been perfect and care taken in 
producing the electrotype, there should be little 
need for the troublesome process variously known 
as correcting, picking, &c. But in general prac- 
tice there is constant work for the corrector, in 
picking out accidental points of backing metal, 
clearing lines, repairing damaged letters, and so 
on. In addition to this each electrotype should 
be "chipped" or "routed" — an operation wl 
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means the deepening of the central portions known 
as the "whites," so that they may not black in 
printing. 

The picking process must be conducted with a 
steady and skilful hand by the aid of a few 
engravers' tools. In repairing battered letters it is 
usual to either " knock up " or otherwise raise the 
surface from the back, and so obtain matter to 
work upon at the face, or to drill out the letter, 
square the hole, and insert a new one by the aid 
of solder and the blowpipe. When new letters are 
inserted, or new portions of a woodcut, care must 
be taken to insure that the new portion shall not 
be higher or lower than the old face. This class of 
work is secured from behind by wetting it with 
soldering fluid and soldering by the aid of a blow- 
pipe and a few grains of tinning composition. All 
points of tin or backing metal projecting through 
the face, owing to holes in the electrotype, must be 
carefully removed with suitable tools. 

The chipping or routing operation is done on a 
small scale by means of sharp chisels with rounded 
faces and a hammer, but in the larger establish- 
ments a machine with a rapidly-revolving cutter is 
provided, which speedily cuts away and deepens 
the "whites." It is usually necessary in this ope- 
ration to cut away portions of the shell and some 
thin portion of the backing metal. 

Additions to the Electrotype. — ^In some cases the 
necessity arises for an addition to the plate, 
upon which the design of the engraving may be 
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continued; or sometimes two electrotypes oi 
engravings may be combined to act as one. The 
greatest care is necessary in this work to insure 
that the joined edges shall be straight and true, 
otherwise the join will exhibit as a white line in 
the printing. The blowpipe and soldering bolt are 
generally employed in this work. 

Mounting. — Electrotypes of woodcuts are usually 
mounted upon mahogany blocks (p. 139), which are 
afterwards accurately planed to type gauge. The 
block should be of the same size as the plate ; it 
should not in any case be smaller; its surface 
must be perfectly level, otherwise the plate will 
be twisted, and will not print all over its 
surface. 

In most cases holes should be drilled in the plate 
for the pins, because driving them through the 
metal frequently tends to twist the surrounding 
portions. French pins with small heads are usually 
employed. They should be placed around the 
edges first; a pin or two should be driven well 
home in the whites. The holes should be coimter- 
sunk, so that the pinheads may not protrude. A 
steel punch and hammer must be used. All the 
pins should not be driven home at once as they are 
entered, but afterwards, as the plate tends to lie on 
the block. Flatness and freedom from warping is 
the object of this. The electrot3rpes, after being 
mounted, are always gauged by passing them 
imder a standard gauge mounted on a level '^ 
Each block should be planed carefully to the 
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or if anything rather thinner, as they can after- 
wards be corrected for height by underlaying with 
paper. 

Storing Elecirotypes.'^'Plztes mounted upon wood 
should always be kept in a dry place, because the 
mahogany is apt to absorb moisture and warp or 
swell. As a rule, electrot3rpes of this class should 
be stored in shallow drawers, only slightly deeper 
than type-high. In packing, the printing faces 
must always be protected by one or two layers of 
soft paper, and care should be taken to so arrange 
the blocks as to be free from shaking or possible 
movement. The top and bottom faces of the sets 
of plates should always be turned towards each 
other for the sake of protection. 

Rotary Electrotyped Plates. — ^The flat electrotypes 
may be arranged in the form of cylinders when 
required to be worked upon rotating printing 
machines. Several methods are in use. The 
shell should first be corrected to the fiat form 
and then tinned on the back. In curving it a 
cylinder of the required size may be used, and an 
outer convex casing provided, between which and 
the electrotype back a layer of backing metal may 
be poured. The final corrections and planing may 
then be proceeded with, similar to the methods 
adopted in finishing common stereotype plates. 
By employing moulding cases of a convex pattern, 
filled to a uniform height with the wax composi- 
tion, convex printing surfaces may be deposited 
upon moulfk firom curved stereo-plates. 
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Finishing Art VfOBSL-^Medallions may be 
backed with pitch, plaster of Paris, sealing-wax, or 
backing metaL In the latter case, the shell is 
placed on a wire-gauze plate, or on a bed of 
asbestos, and heat applied gently from underneath ; 
the back is wetted with soldering fluid and tinned 
exactly as described (p. 213) for printing shells. 
The backing metal may be poured on or melted in 
position by means of a blowpipe. This backing 
is, of course, applicable to all flat art work of the 
medallion kind. 

When two electrotypes of a medallion have to 
be joined together to resemble the original, they 
must be trimmed with the file and shears, and 
levelled to the required thickness. Heat may then 
be applied and the backs tinned ; a layer of back- 
ing metal may also, if required, be melted upon 
each. When the two sides are properly adjusted 
to each other, so that the faces may lie correctly, 
additional heat, gently applied to avoid oxidation, 
will melt them in position, and the edges may be 
finished off with the file. In some cases a slight 
coating of copper around the edge may be applied 
to cover over the join and give the reproduction a 
finished appearance. A number of recipes for 
colouring and bronzing the finished electrot3rpes of 
all kinds have been given at p. 1 84. 

Busts. — ^When a bust has been electrot3rped in 
two parts the shells are trimmed with shears and 
file until their separating edges agree. The edges 
may then be wetted with soldering fluid and tinned 
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with an ordinary tinman's bolt. When the edges 
are placed together, the flame of a lamp directed 
upon the seam by a common blowpipe can be 
made to heat the shells sufficiently to melt the 
tinning and secure the joint. When finally 
rubbed over with the file the joint may be 
bronzed. 

In cases where the hand may be placed within 
the joined-up shells the uniting process is sim- 
plified by employing the soldering-iron. In many 
cases the shells are too weak to stand fair 
usage, and they must be backed by tinning and 
pouring on metal, as described for printing plates 
(p. 2 1 4). The backing in this case should be allowed 
to run into the hollows, because these are usually 
the thinnest portions of the shell. These hollows 
are often so weak by reason of defective anode 
arrangements that a slight touch will dimple them, 
and they are frequently pierced with holes, due to 
air bubbles or gas. Through these holes the tin- 
ning and backing metal are apt to run, but the 
protuberance can easily be chipped off and the 
spots bronzed or covered with bronze powder dusted 
upon gold size. 

Shells that are required to support any consider- 
able weight must be more rigid than common 
shells. The additional strength may be alwa^^ 
applied by means of backing 
shells are heated to be tinned £ 
substances may be spread 1 
that they may be floated < 
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backing metaL They may be blackleaded all over 
or covered with other substances to prevent the sur- 
face from "taking" the metal upon the wrong side. 
Smaller shells can be readily heated by means of 
a well-distributed gas flame through a bed of 
asbestos 
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A CTION, loeal, 63 

Addition to eleclrotypes, 11 
Alkaline copper solution, 103 

Eolations, vessels for, i2g 
AraaJgamation of zinc, 57 
Anderson's salts, 53 

plates, 130 

size of, 131 
shape oS, 133 

Apparatus, single cell, 25 

Art, inttoduclioD to the, i 

nomenelatuie of the, 6 

work, preparation of, 170 

deposition of, 194 

PACKING metal, 37 
■"-^ bath, 137 

Battery, 10 

plates, size of, 43 
copper-plates for, 58 
containing vessels for, 59 
tolutions for, 61 
electromotive force of, 63 
to join op, 67 
^^«■-nf. 68 

i-t of, 69 
^tric, 71 



Blackleading brushes, IJS 
machine, 136 

Black finish, 185 

Brass, 37 

facing solution, II5 
faced electrotypes, 187 
facing, process of, 110 

Brown linisb, 1S4 

Brush, blackleading, 135 

Bnnsen cell. Jo 

Busts, finistung, 220 

/^AJLICO -printing cvUnduvat, 
'- "7 
Carbon plate, 41 

and zinc cells, 52 
Care of battery, 68 
Cathode, 17 
Cells, Smee, 44 

double flaid, 48 

Dapiel!, 48 

Grove, 52 

carbon and zinc, $> 

porous, 59 
Chases, 133 
Circuit, electric, 7 
Circular saw, 138 
Clamond's Iheraio -electric bat- 
tery, 72 
Compound vessel process, 29 
Condensed aniline nf the art, 4 
■r.mductcirs and i:miIatOIS, 8 
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Conducting fittings for vats, i 25 
wires and bands, 129 

Containing vesseb for batteries, 59 

Copper, 31 

electrolytic relations of, 33 
immersion, deposition of, 34 
quality of deposited, 35 
plates for batteries, 58 
solution for single cell pro- 
cess, 102 
alkaline, 103 

Correcting, 216 

Cost of battery working, 69 
deposition, 203 

Current of electricity, 9 
minor effects of the, 18 
to increase, 67 
measurement of, 89 
detector, 90 

T^ANIELL cell, 48 

Decomposition 'pi different 
solutions, 20 
Deposit, simple immersion, 24 
thickness of, 192 
redissolution ot, 202 
Depositing and moulding appara- 
tus, 118 
vat, small, 118 

for large operations, 122 
trays, medaUion, 154 
process, the, 179 
Deposition of art work, 194 

cost of, 203 
Detector of current, 90 
Differential galvanometer, 9| 
Double fluid cells, 48 
Dynamo-electric machine, 75 
fixing of, 77 
motor lor, 80 
care of, 81 
current, regulation of, 82 
machine, resistance coils for, 

working, 203 



T7LASTIC composition, 146 
Effects of large and small 
electrodes, 22 
Electric circuit, the, 7 
Electricity, current of, 9 
Electro-motive force, 9 
Electrodes, 14 
Electrolytes, 15 

Electrol3rtic relations of copper, 33 
Electrolysis of copper salts, 33 

iron solution, 36 
Electro-motive force of batteries, 

63 

pAlLURES, 178 

Final preparation of work, 
212 
Finishing art work, 220 

busts, 220 
Flat printing surfaces, preparation 

of, 161 
Flat-work, deposition of, 185 
Force, electro-motive, 9 
Fusible aUoy, 144 

QALVAOTC battery, 39 
Galvanometer, 30 

construction of, 92 

tangent, 93 

ordinary, 95 

differential, 95 
Gralvanometer, Sprague*8, 96 
Gas bubbles, 189 
Glue, marine, 148 
Gramme's machine, 88 
Grove's cell, 52 

U ARD facmgs, 20$ 

Hints on preparation, 176 
Hooks and ** slings," 137 

TMMERSION, deposition of 

copper, 34 
Insulators and conductors, 8 
Interior woik, 198 
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Introduction to the art, I 
Iron, 35 

salts of, 36 

solution, electrolysis of, 36 

facing solution, 1 10 

solution, management of, 112 
vessels for, 130 

cylinders, coppering of, 194 

facing, 205 

T ATHE, roughing, 138 

Leading wire systems, 175 
Levelling, 214 
Local action, 63 

Vl ACHINE, dynamo-electric, 

75 
Machine, Gramme's, 88 

Weston's, 88 

Wilde's, 88 

Schuckert's, 88 

Siemens*, 88 

Maxim's, 88 
Management of solution, 105 

iron solutions, 112 
Marine glue, 148 
Maxim's machine, 88 
Measurement of currents, 89 

resistance, 96 
Medallion depositing trays, 154 
Metal, backing, 37 
Methods of making solutions, 27 
Minor effects of the current on 

electrol)rte, 18 
Motor for dynamo-electric ma- 
chines, 80 
Moulding apparatus, 118 

composition vessel, 134 

materials, 141 
Mounting electrotypes, 139 

process of, 218 

TSTICKEL, 37 
* solution of, 114 

&dng, 208 



Nodules, 184 

cause of, 202 
Nofi's thermo-electric battery. 
Nomenclature of the art, 6 

/^HM, the, unit of resistance, 

90 

Outline of the art, 4 

pLANER, 139 

Plaster of Paris, 145 
Platinised silver plates, 43 
Plumbago, 149 
Polarity, reversal of^ 83 
Polarization, 19 
Porous cells, 59 
Precautions, 213 
Preparation of the work, 15a 

medallions, 153 

flat surfaces, 161 

steel engravings, 167 

art work, 170 

hints on, 176 
Pressure apparatus, 134 
Process, separate current, 28 

compbund vessel, 29 

/QUALITY of deposited cop. 



\^ 



per, 35 
solutions, 109 
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T) EGULATION of dynamo- 

electric currents, 82 
Relation of current to work, 21 
Resistance of the solution, 23 

coils and shunts, 83 

measurement of, 96 

scales, 128 
Reversal of polarity, 83 

current in solution, 1 10 
Rotary plates, 219 
Roughing lathe, 138 

operation of. ?ic 
Routing, operation of, 216 
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CALTS of copper, 31 
"^ dectrolysis of, 33 
Salts of iron, 36 
Saw, circular, 13S 

Schnckert's mactuae, 88 
Separate current process, iS 

solution for, 102 
Siemens' machine, 88 
Silver plates, platinised, 43 
Simple immersion deposit, 34 
Simplest ty^e of cell, 40 
Sb^ cell depositing apparatus, 
*5 

process, 35—180 
Siie of batter; plates, 43 
Slow depoution, canse of, 300 
Smee battery, 44 
Solder, 38 

Solutions, different, decomposi- 
tion of, 30 

resistance of the, 33 

methods of making the, 37 

for batteries, 61 

instructions for making, 99 

copper, 101 

management of, 105 

iiev, test for, 109 

quality of, 109 

steel-fodng, 1 10 

Sprague's galvanometer, 96 
Squaring, 314 
Standard process, tlie, i8j 
Stemrine, 145 
Steel-facing solution, 110 

plate- moulding campo., 143 
Sted engravings, preparation of, 
167 

electrotypes from, 193 
Stopping-off composilions, 143 
Storing electrotypes, irg 



•pANGENT galvanometer, 93 
Temperature of solution, 107 

Terminals, 56 

Tests for new solnlioii, 109 

Thermo-electric batteries, ft 
battery, Clamoud's, 71 



Noe's 
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Thickness of deposit, 191 

Tinning metal, 38 
trays, 137 
process of, Z13 

Ttays, tinning, 137 
medallion, 154 
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NDERCUTTINGS. 196 

Urquhart's safety mm 

hiterrupter, 84 

resistance scales, iz8 

medallion trayi, 154 
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■AT, » 
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large, 133 

plan of, 134 
Veber, unit of current (v qnonti- 

tity, 90 
Vessels for alkaline sohitioiu^ 139 

iron Eolntioni, 130 
Volt, onit of electro-motive fwce, 

9' 
Voltameters, water and copper. 
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Woi^ and current, fektlona be- 
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" The author has carefully thought ou( his subject, and should be con- 
sidered by all platers who aim at doing good and lasting work." — 
Engineer, 

"An eicellent practical manual," — Engineering. 

" The information pven appears to he based on direct personal know- 
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*< Any amateur will find no dtiSculty in understanding ibe book from 
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of the art to which they (urn their attention," — Design and Work. 
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progressive arts of electro-plating and electro-typing. Evident care has 
been taken to make the book as useful as possible by including all neces- 
sary information respecting Che preparation of matenala and their prices." 
— HoxoLOGiCAL Journal. 

•' The author handles the 5tihjeti most lucidly and practically, and the 
book ia printed and Dlustrated in the good btyle ujual with this firm." — 
Watchmabrb 'bd Jeweller, 

'ie arts of electro-plaling and electro-typing is fol- 
1 minutest details, so that the merest amateur may 
■working." — DA11.Y Chronicle. 

■itely practical; it is a rrcititable production, and 
model of w^ books should be."— 
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OPINIONS OF THE PRESS ON 
MR. URQUHARTS "ELECTRIC LIGHT." 



"The art of electric lighting, owing to its very recent introdaction, it 
far from being thoroaghly understood, even by some of those engaged in 
its production. The general public, of course, understand it less ; but to 
both this work is calculated to prove aseful. To the former there is mildl 
that will be novel as well as useful, snd there are few inleUigeDt men of 
any class who may not, by a careful perusal of it, be enabled to grasp the 
principles of the invenlion — at all events gather sufficient facts to enable 
them to judge between rival systems of electric lighting and between these 
and gas." — Ieon. 

" As a popular work it will doubtless meet with considerable approval. 
, . . The book can be recommended to those who wish to learn some- 
thing afaont the electric light, while the practical information will be foond 
useful lo amateurs."— English Mbchanic. 

"An interesting volume. . . . The volume is intended to be popular, 
and is, therefore, prepared in a style to suit the general reader, yet accuracy 
and systematic airangement have been as carefully considered as if the 
book had been intended for the professional man. The work is uiiqiies> 
tionably one that will be extensively read and appreciated, and one, more- 
over, which may offer important sng gestions to inventors who turn their 
attention lo the removal of the few defects still requiring removal in order 
to make electric illumination generally applicable." — MlNlNO Journai. 

"The book contains a general account of the means adopted in pro- 
ducing the electric light, not only as obtained from voltaic or galvanic 
batteries, bnt treats at length the dynamo-electric machine in several of its 
forms. . . . We welcome the present volume as an important addition 
to the literature of the electric light. Students of the subject should no 
fail to read it."— Colliery Guardiam. 

"As a practical enposition of the various systems of electric lighting we 
consider it likely to be useful to the large and increasing tkas who are 
interested in the sabject." — Dksiqm and Work. 

" A clear and practical little book." — Westminster Revibw. 

" It is the only work at present available which gives in language intel- 
ligible for the most port to the ordinary reader a general but concise history 
of 111' —ana which have been adopted up to the present time inproducing 
lb- lisibt. . . . The il'onof these various spplianceaarejust 

»i H lo afford ■ i clear idea ot their operaUoo. . . . 

history of J -nt has alindy been accomplished, 

cataloeui. ippliancts at the diivosil of those 

'■-■vingthr ..ntnatioi ■.-.ik will doubtless 

yaliuble m»ra,t i >i:Qt available oa 





Opinmti of the Press — continued- 



'* To those who wish to know the mechanical stages that have marked 
the progress of electric lighting, no better practical gui<3e cotild be fnund 
than Mr. Urqnhart's little work. Himself the inventor of an electric 
lamp, his practical acquaiotance with the snbject enables him (o give such 
directions regarding the working of galvanic batteries, electric lamps, and 
dynamo-electric machines aa cannot lail to prove ntefnl to >ma(eDr workers 
in this 6eld, for whom the book seemi to have been more especially 
written. "— ScoTSU AN , 

*■ A volume capable of being made extremely useful by those who have 
to do with the practical working of electric lamps, ^vanic batteries, 
dynamo-electric machines, and other means of prodndng electric light. 
... A well written, popular, and reUable manual. . . . We have no 
hesitation to give it a cordial welcome." — Leeds Mbbcvbt. 

"The book before us shows the steady progress which is being made by 
electricians, who reasonably conclude, from what has been already accom- 
plished, that their complete triumph is not far distant. The author enters 
into full details of the principal systems of electrical illumination that have 
been recently introduced, and gives practical directions to students and 
amateurs with reference to the working of galvanic batteries, dynamo- 
electric machines, electric lamps, and other apparatus, much inrormadoo 
being added by the editor, a well-known telegraph engineer, on historical, 
theoretical, and experimental points. As a popular and practical treatise 
cn the subject the volume may be thoroughly recommended." — Bbjstol 
Mbkcukt. 

" Sure of a high place as a handbook and initructor in relation to all 
matters concerning galvanic batteries, electric lamps, and dynamo-electric 
machines."— LiTBEKioL AlBION. 

" The present work may be said to be almost exhaustive on the subject 
of the electric light, «o bii h its tateft developmenli have gone. The 
author takes us back to its first appearance in the world of science, and 
traces its progress through all the stages of its growth, up to the latest 
improvements of Mr. Edison. ... To all wishing to have before them 
a ludd explanation of all appertainicg to the light of the future, this b* 
may with confidence be recommended." — People's Friend 

" InformatiOQ about the electric iight is usually derived lioi 
newspaper paragraphs, and for the most part they are utteilf ui 
The public who have been fed upon this iaie would prefer w' 
food if they conld get il, hut for a iong time this was nnal 
now have a text-boot: to consult whose authority is indisf '' 
whose evidence is brought down lo the present month,"— 
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with Large Additions by D. K. Clark, M.I.C.E. . 6/6 

Pioneer Engineering: 

A Treatise on the Engineering Operations connected with the Settlement of 
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With numerous Plates. Second Edition 4>/6 
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Their Con.«truction and Erection. By Hamilton W. Pendred. With 40 
Illustrations . . , 2/0 

Iron and Steel Bridges and Yiaducts. 

A Practical Treatise upon their Construction for the use of Engineers, 
Draughtsmen, and Students. By Francis Campin, C.E With numerous 
Illustrations 3/6 

Oonstruotionai Iron and Steel Work, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Campin, C.E 3/6 

Tubular and other Iron Girder Bridges. 
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Dbmpsey, C.E. Fourth Edition . 2/0 
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By Charles Slagg, Assoc M.Inst.C.£. Third Edition . . 3/0 

Oonstruction of Roads and Streets. 

By H. Law, C.E., and D. K. Clark, C.E. Sixth Edition, revised, with 
Additional Chapters by A J. Wallis-Tayler, A.M. Inst. C.E. . 6/0 
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Re-writtenby William Richards, C.E. Eighth Edition . . 5/6 
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Samuel Hughes, F.G.S., C.E. Enlarged Edition .... 4>/0 
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As applied to drive Flour Mills, and to give motion to Turbines and other 
Hydrostatic Engines. By Joseph Glynn, F.R.S. New Edition . 2/0 
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By John G«o. Swindrll, A. R. I. B. A., and G. R. Burnsll, C.E. Revised 
Edition. With a New Appendix on the Qualities of Water. Illustrated 2/0 

The Drainage of Lands, Towns, and Buildings. 

By G. D. Dbmpsey, C.E. Revised, with large Additions on Recent 
Practice, by D. K. Clark, M.I.C.E. Third Edition . . . 4/6 

The Blasting and Quarrying of Stone, 

For Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. Burgoynb, K.C B 1/6 

Foundations and Concrete Works. 

With Practical Remarks on Footingr, Piankine, Sand, Concrete, B^on, 
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Ninth Edition 1/6 
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The Mineral Surveyor and Yaluer*s Gomplete Guide. 
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Scientific, Practical, and Commercial. By D. C. Da vies, F.G.S. With 
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struction. By J. H. Collins, F.G.S. Second Edition . . .1/6 

Subterraneous Surveying, 

With and without the Magnetic Needle. By T. Fbnwick and T. Baker, 
CE. Illustrated 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Mining at the 
Bristol School of Mines 2/6 

Minii^ Tools, Atlas 

Of Engravings to Illustrate the above, containing 335 Illustrations of Mining 
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Physical Geology, 

Partly based on Major-General Portlock's "Rudiments of Geology." 
By Ralph Tate, A. LS., &c. Woodcuts 2/0 

Historical Geology, 

Partly based on Major-General Portlock's " Rudiments." By Ralph 
Tate, A.LS., &c. Woodcuts 2/6 

Geology, Physical and Historical. 
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With Examples of Practical Geometry and Templating for the Use of 
Platers, Smiths, and Riveters. By John Courtmby. Edited by D. K. 
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maker's Ready-Reckoner and Assistant.^' By J. Courtney and 
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By G. D. DBMPt»EY, CE. With large Additions treating of the Modem 
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Fourth Edition 2/6 

Modem Workshop Praotioe, 

Xs applied to Marine, Land, and Locomotive Engines, Floating Docks, 
Dredging Machines, Bridges, Ship-building, &c. By J. G. Winton. 
Fourth Edition, Illustrated 3/6 

Meohanioal Engineering. 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine, 
&c. By Francis Cam pin, C.£. Third Edition .... 2/6 

Details of Maohinery. 

Comprising Instructions for the Execution of various Works in Iron in t' 
Fitting-Shop, Foundry, and Boiler- Yard. By Francis Campin, CE. 3 
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Blementapy Eii^liie«plii|f: 

A Manual for Young Marine Knginnn and Apprenliccs. In Ihe Form oT 
Qucsiions und Answen on MeuIi, Alloys, Strtngib of MaKriab. ftc 
li7j. S. Brbwbb. FifihEdidqn .1/6 

Pow*r in Motion ; 

Hoise-powEi Moiion, TooIhed-WhEel Gearing, Long and Shott Driving 
Bands Anfular Fores, &c By JaUBS AnHOUl', C.£ l^ird Edition 2/0 

Iron and H«at, 

Eahibilinf ihe PrinclpiEa conurned in the ConMrudion of IroD Bcama, 
Pillm, and Girdttj. By J. Arhoub, C.E. 2/6 

Praotloal Haobajdam, 

And Machinf Tooln. By T. Bakbr, C.E. With Remuks on Tooli and 
Machinery, by J. Na5U¥TH,C.E 2/6 

Hsohftnioa : 

Being a conciit Kiposilion of the General Principles of Mechanical Sciuce, 
and iTieir AppLicationa. By Charlks Tohlinson, F.R,S. . , 1/6 

Oranaa (Tha Oonatniotiau of). 

And olhu Machinery for Raising Heavy Bodiei for [he Erection of Build- 



NAVIGATION, SHIPBUILDING, ETC. 
Tha Sailor'a Sea Book: 

A RudiRienCary TreatiH! on Navigolion. By James Grbuwood, B.A. 
With niHnerom Woodcuu and Coloured PlUes. New and enlarged 
Edition. ByW. H. ROSSKB //O 

Praotloal Navigation. 

Consisting of Thr Sailok's Sba-Book, by Jambs GaBaHwoOD and W. H. 
ROBBSR ; together with Malhemalical and Nautical Tables for Ihe Working 
of ihe Probrems, by Hk«rv Law C.E., and Prof. J. R. Young . T/Q 

Navltfatlon and Maatioal Aatrononiy, 

In Theory and Practice. By Prof. J. R. Young. New EdilioD. 2/6 

Hathematloat Tables, 

~ ■ ■ ... -,j^,„jjj, calculationi ; to which it 



prefiied a TreaiiM oo Logaiithnn. By H. Law, 

Series of Table! for Navigation and Nautical AuroDomy. Bf Profeuor J. 

R. Young. New Edition Alb 



Haatlntf, Haat-Hakinf, and RiAtIn< of Bhio«. 

Also Tables of Spars, Rigging, BloclurChain, wire, and Hemp Ropei, 
gicrelativetoevetycIaisiJvesiela. By Robert Kipmno, N.A. . 2/0 

BaUa and SaU-Habln^. 

with Draughting, and the CeoUe of Effon of the Saik. By RotIRT 

K,PP.NG.i^A a/6 

Harina Engines and Steam VeBsele. 

lion, by the .^uil'ior and by GaoHCE CakLisls, C.E. . '. . 4/8 

Naval Architecture : 

An Eipo5itLon of Eirnienlary Princiiili ri Peaks . . 3/a 

Ship* for Ooean and Rlvar ' 

Principles of the Construction of. ' 
Atlaa of Engravings 

TolllL,.tr=l=lheabove, Twelvelaft^ 

Tha PoFinfl of Shina aad B<- 

S~r W. Bi-AKD. T- AMOm. 
sdels ... 



\ 
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ARCHITECTURE AND THE 

BUILDING ARTS. 
Oonatmofioiuil Iron and Steal mrork, 



: IJnildingL By Frahcii 



Bnlldintf BataUs : 

A Trewne on the DertlopintQI, Silt, Puichaae, ami Managem 
ingLand. By F. Majtland. Third EdilioD . 
Til* Science of Building : 



>inslniclion. By E. Wynl 
MAM 1A«K. M,fl. Lond. tourtBilQ«Km 3/( 

The Art of Building : 

GiDeral Principles of Conslnicu on, Slrenglh, and U« of Materials, Workin 
[3, Spedlkatians, &c. By Edwaid Dob^h, H.R.I.6.A . 2/( 



A Book on Building, 

Civil and Ecclsiaslical, By Sir Edkuhd Bickxtt, Q.C (Lord OiiH- 
THORPI). Second Edition 4yS 

DweUfng-Hoiuea (The Biwction of], 

IllMtraled bya Penpeclife Vie», Plans andSecliona of a Pairof Villja, wilh 
Specificaiion, Quaniiliti, and Eslimvei. By S. H. Brooks, Architect 2/6 
Cottogo Building. 

By C. Briicr Allkn. Twelfth Edition, with ChapMt on Ecaoamic Cot- 
laEeslorAUolmmli,byE.E.Al.LB»,C.E 210 

JLooaatlcB In Relation to Arohlteotore and Bnlldinf: 

The Lsiri of Sound ai applied to the AminKeineni oC Buildinn, By Pro- 
fsssorT.Rocsa Smith, ^.R.l.B.A. New Edition, Kevised . . 1/a 
The Rudiment* of Practical Briofelaylntf, 

General Ptincipira or Bricli:laying ; Aich Drawing, Cutting, and Setting : 

Pointing 1 Paving. Tiling, Sic By Adak EIakhdhd. With 69 Woodcuti 

1/6 

The Art of Practical Brick Catting and Betting. 

By Adah Hammond. With 90 Engravings 1/6 

Brickwork ; 

A Practical Treatise, embodying the General and Highs' Flindplei of 
Bricklaying, Cutting and Setting ; with the Applicaiioa oTCeonKtry to Roof 
Tiling, &c. By ¥. Waijcbii l/fi 

Bricks and Tilea, 

Rndimentary Trealiie on the Hanufaaure of; conlainiiig an Outline of the 
Pihiciples of Biickmaliin?. By E. Iioi>^u.n, M.K.I.IS.A Additions by 
aTouLiBSOB, F.K.S. filuKiKted 3/8 

The Practical Brick and Tile Book. 

Comprising: BurcK and Tub MABitn, l,y E, Doobon, M.Ihit.CS.: 
Practical ButcKLAvmc, by A. Hammom.; IIuick-cuttikg amd SnriMG, 
■-' " — - -jopp. with 270 llluitrationi, half-bound . . 6W 



Carpentry and Joinery — 

Tub Eleuintarv Pkihcii-ld op C 



)PC*iiPENTflV. Chiefly composed fro 

Standard Wotlc of Thomas TBBD<itn.D,<..l\. VV'iik AildiiiouiDdTlia 
ON JpiNMV.byE. W.TAaK,M.A, llighih Edition ., . j^.] 

Carpentry and Jaineiry— Atlae 

Of 3S. Pla>" 'o accompany and lllii.Lr.u.^ the forr 
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A Praotioal Treatise on Handrailin^; 

Showing New and Simple Methods. By Geo. Collings. Third Edition, 
Including a Trkatisb on Stairbuilding. With Plates . . . 2/6 

Giroular Work in Carpentry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By George Collings. Third Edition 2/6 

Roof Carpentry: 

Practical Lessons in the Framing of Wood Roofs. For the Use of WorldiM^ 
Carpenters. By Geo. Collings 2/0 

The Construction of Roofs of Wood and Iron; 

Deduced chiefly from the Works of Robison, Tredgold, and Humber. 1^ 
E. Wyndham Tarn, M. A., Architect Fourth Edition . •I/O 

The Joints Made and Used hy Builders. 



I Dy 

By WvviLL J. Christy, Architect. With z6o Woodcuts . . 3/0 

Shoring 

And its Application : A Handbook for the Use of Students. By Gborgb 
H. Blacrove. With 31 Illustrations 1/6 

The Timber Importer's, Timber Merchant's, and 
Builder's Standard Guide. 

By R. £. Granoy 2/0 

Plumbing : 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Buchan. 
Ninth Edition, with 5x2 Illustrations 3/6 

Ventilation : 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
Buchan, R.P., Author of " Plumbing," &c. With 170 Illustrations 3/6 

The Practical Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By W. Kemp 2/0 

House Painting, Graining, Harblinjf, & Si^ Writing. 

With a Course of Elementary l5rawin^, and a Collection of Useful Recopts. 
By Ellis A. Davidson. Eighth Edition. Coloured Plates . ; o/O 



* 
» 



* The ahovtt in cloth hoards^ sttimgly bounds 6/0 



A Grammar of Colouring, 

Applied to Decorative Painting and the Arts. By George Field. New 
E^lition, enlarged, by Ellis A. Davidson. With Coloured Plates . 3/0 

Blementary Decoration 

As applittl to Dwelling Houses, &c By Jambs W. Facey. Illustrated 2/0 

Practical House Decoration. 

A Guide to the Art of Ornamental Painting, the Arrangement of Colours in 
Apartments, and the Principles of Decorative Design. By James W. Facbv 

2/6 
*«* TJu last two IVorhs in On* handsom* Vol., half-bound, entitled " House 
Decoration, Elementary and Practical," /tmv 5/0* 

Portland Cement for Users. 

By Henry Faija, A. M.Inst. C.E. Third Editioni Corrected . . 2/0 

I^imes, Gements, Mortars, Concretes, Mastics, Plas- 
tering, &c. 

By G. R. BuRNBLL C.E. Fifteenth Edition 1/6 
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MasonFy and Stone-Gutting. 

The Principles of Masonic Projection and their application to Construction. 
By Edward DoBSON, M.R.I.B.A 2/6 

Arches, Piers, Buttresses, &c.: 

Experimental Elssays on the Principles of Construction. By W. Bland. 

1/6 
Quantities and Measurements, 

In Bricklayers', Masons*, Plasterers'^ Plumbers*, Painters', Paperhangers', 
Gilders', Smiths', Carpenters' and Jomers' Work. By A. C. Beaton. 1 /6 

The Complete Measurer: 

Setting forth the Measurement of Boards, Glass, Timber and Stone. By P . 
HoRTON. Sixth Edition 4/0 

Guide to Superficial Measurement : 

Tables calculated from x to 3oo inches in length, by x to to8 inches in 
breadth. For the use of Architects, Surveyors, Engineers, Timber Mer- 
chants, Builders, &c By James Hawkings. Fifth Edition . . 3/6 

UfpiU 

An Introduction to the Science of Optics. For the Use of Students of Archi- 
tecture, Engineering, and other Applied Sciences. By E. W. Tarn, 
M.A. 1/6 

Hints to Toun^ Architects. 

By George Wightwick, Architect. Sixth Edition, revised and enlarged 
by G. HusKissoN Guillaume, Architect 3/6 

Architecture — Orders : 

The Orders and their iEsthetic Principles. By W. H. Leeds. Illustrated. 

1/6 
Architecture — Styles : 

The History and Description of the Styles of Architecture of Various 
Countries, from the E^liest Period. By T. Talbot Bury . . 2/0 

*«* Orders and Styles op Architecture, in One Vol,, 3/6* 

Architecture — ^Desig^ : 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Eow. 

Lacy Garbett, Architect Illustrated 2/6 

*«* The three ^ceding Works in One handsome Vol., hal/'bottnd, entitled 
** Modern Architecture," /^'<^' 6/0> 

Perspective for Be^nners. 

Adapted to Young Students and Amateurs in Architecture, Painting, &c. 
By George Pvne 2/0 

Architectural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O. Jewitt 1 /6 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Gessert and Emanuel Otto From berg. With 
an Appendix on The Art op Enamelling 2/6 

Yitruvius— The Architecture of. 

In Ten Books. Translated from the X^tin by Joseph Gwilt, F.S.A., 
F.R.A.S. Witha3PUites 6/0 

N.B. — This is the only Edition (if Witkqvivs procurable at a moderate price, 

Grecian Architecture, 

An Inquiry into the Principles of Beauty in. With an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl op Aberdeen. 1/0 



« « 

« 



The two preceding Works in One handsome Vol.^ kal/'hound, entitled 
*• Ancient Architecture, " price QIQ. 
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INDUSTRIAL AND USEFUL ARTS. 
Oamanta, Pa«teB, GlaMi, uid Oama. 

A Guide to the MaisalacturE and ApplicaliOD oT Acglutliuuila. Wiib a» 
R«ip«.ndro™ule. By H. C. Stanhaqk 2/0 

Clocks, Watohea, and Bella for Pablio Purpoasa. 

LL D..'K°cTi'.R.A's'.'''Eigfili Edii^, »ith Dew Lin '("Gr^tB^'Ind 
an Apiwndiii on Weathercocks. I /$ul fiiiiiiAiJ. 4/6 

•.* Tki aian, handumtfy bentul, sUI^ ttarili, 6IQ. 

E laotr o -HatallnrCy, 

Praciicilly Tteiied, By Alkxahdbb Watt. Tenth Edition . 3/6 

Tha Ooldamlth'a Handbook. 

Con.iining fiill rn^nicLon! in the An of Alloying, MellinB. Rtdndog, 
ColouKnE, Collecling and Refining. RecOYCryaf Wul«, Solden, Eumeg, 
&c.,&c. By Gkorci. E. Ckk. Sixth Edition 3/0 

Tha aUTeramlth'B Handbook, 

On the same plan u the Goldsmith's Hakddook. ByC. E. Ge'. 3/0 
■.' Thr lai tws Wtrla, i« 0« lumaitmi yd., kaif-bound, 7/0- 

Vba Hall-Harkin2 of J«H«llery. 

Compriiinj an account of alL ihc different Asiay Town! of the Unilod 
Kingdom ; with the SUmps and Laws relalini to the Standards and Hall 
Muki at the various Aiaay Offices. By Georoi K Gu . . 3/0 
Franoh Pollahlntf and Enamallln^. 

Numerous Recipes (or malting Polishes, Vamishes, &c. Br R. BlTUEMX 

1/6 

n, Reviled, with Addiiioni 2/6 

CoacA-BnUdlntf: 

A Practical Treatise. By James W. Bimcres. Wilhs; Ulustiations 2/6 

Tha Cabin at -Hak«F'a Onida 

To the Entire Coniitruclion of Cat^net-Work. By R. BiTMEAD . 2/6 

Tha Braaa Fonnder'a Hanaal: 

InstTuctions for Modelling, Pattern Making, &c By W. GeahaH . 2/0 

Tha Bheet-Hatal Workar'a Ouida. 

Fat Tinsmiths, Coppeismilhs, Ziacworktts, &c. By W. J. E. Ckahb. 1/8 

Sawing Haohinary: 

111 Construction, History, &c By J, W. Uhijumaet, CE. . , 2/0 

Qaa Fitting: 

A FracIicalHandhook. By John Black. New Edition . . 2/6 
Conatraotion of Door Xiooka. 

FiomthePapeisofA. C. HoBBS, Edited by C. Tohliksoh, F.R.S. 2/6 

Tha Hodal Loaomotlira Bnginaer, Flramani and 
Bntfina-Boy. 

By Michael Revholds 3/6 

The Art of Letter Painting mada Baay. 

liy J. U. Baiienwh. Wiih I! full-ppgt Kngrnvints of E.Qmp[es . 1 ,'6 

The Art of Boot and Shoamaking. 

^(a=u^tnltnl, Lasl-filting, Cmting-oul.aolinH.Sc. By J. B. LE^□, 2/0 

Keohanioal Dentistry : 

tly Cn*m es HUNTBE. K'n?-"!" EdiliDB ... . 3/0 

IfiTood Bngpaving: 

APiaciicjlandEaiy i,.' 

Xiaundry Hanaganif 

A rfandbook toV .. 
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AGRICULTURE, GARDENING, ETC. 
I>rainin^ and Bmbankin^: 

A Practical Treatise. By Prof. John Scott. With 68 Illustrations 1 /6 

Irrigation and Water Supply : 

A Practical Treatise on Water Meadows, Sewage Irrigation, Warping, &c. ; 
on the Construction of Wells, Ponds, Reservoirs, &c. By Prof. John 
Scott. With 34 Illustrations 1/6 

Farm Roads, Fenoes, and Gates: 

A Practical Treatise on the Roads, Tramways,^ and Waterways of the 

- Farm ; the Principles of Enclosures ; and the different kinds of Fences, 

Gates, and Stiles. By Prof. John Scott. With 75 Illustrations . 1 /6 

Farm Buildings: 

A Practical Treatise on the Buildings necessary for various kinds of Fann& 
their Arrangement and Construction, wiih Plans and Estimates. By Prof. 
John Scott, With Z05 Illustrations 2/0 

Bam Implements and Machines : 

Treatmg of the Application of Power and Machines used in the Threshing- 
bam, Stockyard, Dairy, &c By Prof. J. Scott. With 193 Illustrations. 

2/0 
Field Implements and Machines: 

With Principles and Details of Construction and Points of Excellence, their 
Management, &c By Prof. John Scott. With 138 Illustrations . 2/0 

A^icultural Surveying: 

A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions 
for Valuing Estates. By Prof. J. Scott. With 6a Illustrations . \ fQ 

Farm Bngineering. 

By Professor John Scott. Comprising the above Seven Volumes in One, 
1,150 pages, and over 600 Illustrations. Half-bound . . . 12/0 

Outlines of Farm Management. 

Treating of the General Work of the Farm; Stock; Contract Work; 
Labour, &c. By R. Scott Burn 2/6 

Outlines of Ijanded BSstates Management. 

Treating of the Varieties of Lands, Methods of Farming, Setting-out of 
Farms, Roads, Fences, Gates, Drainage, &c. By R. Scott Burn . 2/6 

Soils, Manures, and Crops. 

(Vol. I. Outlines op Modern Farming.) By R. Scott Burn . 2/0 

Farming and Farming Boonomy. 

(Vol. II. Outlines op Modern Farming.) By R. Scott Burn 3/0 

Stock: Cattle, Sheep, and Horses. 

(Vol. III. Outlines op Modern Farming.) By R. Scott Burn 2/6 

Dairy, Pi£B> and Poultry. 

(Vol. Iv. Outlines op Modern Farming.) By R. Scott Burn 2/0 

Ut lization of Sevage, Irrigation, and Reclamation 
of Waste Land. 

(Vol. V. Outlines op Modern Farming.) By R. Scott Burn . 2/6 

Outlines of Modem Farming. 

By R. Scott Burn. Consisting of the above Five Volumes in One, 
1,350 pp., profusely Illustrated, htdf-bound 12/0 
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Book-keeping for Farmers and B state Owners. 

A Practical Treatise, presenting, in Three Plans, a system adapted for all 
classes of Farms. By J. M. Woodman. Fourth £dition . . 2/6 

Ready Reckoner for the Admeasurement of Land. 

By A. Arman. Revised and extended by C. Norris. Fifth Edition 2/0 

Miller's, Corn Merchant's, and Farmer's Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modem Flour Mill Machinerr, 
by W. S. HuTTON, C.E 2/0 

The Hay and Straw Measurer. 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Stmr 
Dealers, &c. By John Steele 2/0 

Meat Production. 

A Manual for Producers, Distributors, and Consumers of Butchers' Meat. 
By John Ewart 2/0 

Sheep: 

The History, Structure, Economy, and Diseases of. By W. C. Spoonkb, 
M.R.V.S. Fifth Edition, with fine Engravings .... 3/8 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of " Gardening Illustrated " . . 3/6 

Kitchen Gardening Made BSasy. 

Showine the best means of Cultivating every known Vegetable and Herii| 
&c., with directions for management all the year round. By George M. F. 
Glenny. Illustrated ^/Q 

Cottage Gardening : 

Or Flowers, Fruits, and Vegetables for Small Gardens. By £. Hobdat. 

1/6 
Garden Receipts. 

Edited by Charles W. Quin . 1/6 

Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Do 
Breuil. Fifth Edition, carefully Revised by George Glbnny. Whb. 
187 Woodcuts 3/0 

The Tree Planter and Plant Propagator: 

With numerous Illustrations of Grafting, Layering, Budding, Implementi^ 
Houses, Pits, &c. By Samuel Wood 2/0 

The Tree Pruner: 

A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and 
Flowering Plants. With numeroas Illustrations. By Samuel Wood 1/0 

*t*.TAe above Two Vols, in One, handsonuly half -hound^ price 3/6* 

The Art of Grafting and Rudding. 

By Charles Baltbt. With I i lustrations • . , , . 2/0 
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MATHEMATICS, ARITHMETIC, ETC. 
DesoriptiTe Oeometry, 

An Elementary Treatise on ; vrith a Theory of Shadows and of Perspective, 
extracted from the French of G. Monge. To whicK is added a Description 
of the Principles and Practice of Isometrical Projection. By J. F. Hbathbr, 
M.A. With 14 Plates 2/0 

Praotioai Plane Oeometry: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Construction of the Ground. By J. F. Heather, M.A. 
With 215 Woodcuts 2/0 

Analytical C^eometry and Conio Beotlons, 

a Rudimentary Treatise on. Bv James Hann. A New Edition, re- 
written and enlarged by Professor J. R. Young .... 2/0 

Buolid (The Elements of). 

With many Additional Propositions and Explanatory Notes ; to which is 

prefixed an Introductory Essay on Logic. By Henry Law, C.E. . 2/6 

%* Sold also separately^ viz : — 

Euclid. The First Three Books. By Henry Law, C.E. . . .1/6 

Sudid. Books 4, 5, 6, XI, xa. By Henry Law, CE. . . .1/6 

Plane Trigonometry, 

The Elements of. By James Hann 1/6 

Spherical Trigonometry, 

llie Elements of. By James Hank. Revised by Charles H. Dow- 

LING, CE 1/0 

%* Or with " The Elements of Plane Trigonometry ^^ in One Volume^ 2/Q 

Di£ferential Calculus, 

Elements of the. By W. S. B. WoolhousB, F.R.A.S., &c. . .1/6 

Integral Galculus. 

By Homersham Cox, B. A. 1/6 

Algebra, 

The Elements of. By James Haddon, M.A. With Appendix, containing 
Miscellaneous Investigations, and a Collection of Problems . . 2/0 

A Key and Companion to the Above. 

An extensive Repository of Solved Examples and Problems iu Algebra. 
By J. R. Young 1/6 

Commercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By James Haddon, M.A 1/6 

Arithmetic, 

A Rudimentary Treatise on. With full Explanations of its Theoretical 
Principles, and numerous Examples for Practice. For the Use of Schools 
and for Self-Instruction. By J. R. Young, late Professor of Mathematics 
in Belfast College. Thirteenth Edition 1/6 

A Key to the Above. 

By J. R. Young 1/6 

Bquational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce ; with various Tables by which all Calculations may be greatly 
facilitated. By W. Hipslev 1/6 

Arithmetic, 

Rudimentary, for the Use of Schools and Self-Instruction. By Jambs 
Haddon, M.A. Revised by Abraham Arman . . . .1/6 

A Key to the Above. 

By A. Arman 1/6 



_ . iisemploved ia CeanKiricalBnd M«hanical Draw- 
inE, and in ihe Conatiuciion. Copying, uid Measurement of Mapr —' 
Rkns. II. Inslramenli u»d for Sie r ' ■' 
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Uathamatloal InBtrumsntB : 

Iheii Cooitiuelion, Adjuatnient, Toiiine, and Use conciiely Explained. 

By J. p. Hea-ihkk, M.A., of Ihe Royal MUilarT Academy. Woolwich. 

Fiiieenth Etiilian, Revised, wiih Additions, by A. T. Walmislrv, 

M.I.C,E. Orisinal Edition, in I vol., Illiulrued . . . .2/0 

*,* /■ onttrirtg Ikt aicM, 6t canjhi to lajr " Original Edition," tr eiiv thj 

Hiimf*r in t*t Strits (39}, It dliliHtKiiA il/rrm Uu Eitlargid Edition in 

3 vail. Iju/oBolvi)— 

Drawintf and HAaaarintf InatramuitB. 

■ ■ i in Ceonieiricai 

ying, and MeasL 

ie ^"j™. ^ Hbath'k!^ M.A. 

Optlonl InatramentB. 

Including (more especially) Telescopes. MlcnKcopcs, and Appaiatiu for 
producing copies of Maps and Plans by Photograpby. By J. F. Heather, 
^.A. Illustrated 1/e 

Supveylntf and Aatnmomloal InstpuinantB. 

Including— I. Innruinenli used for Detenninlng the Geometrical Features 
of a porfion of Ground. II. InstnimenM employed in Astronomical 01>- 
scrvations. By J. F. Heatkhb, M.A. lUuslraled. . . 1/S 

*>• Tht aigvr t^rre valamet f&fm an tnlatgtmtnt 0/ Ikt Anlhar'strfiffin^ workt 
" Mitkemalical Initrumtnl!.' t"cc 2/0- iDn^bld at Uf of fV-1 

Hathamatioal InstmmMita: 

Their Coiislruclian. Adjustment, Testing and Use. Compriung DrawinE, 
Measuring. Optical, Surveying, and Astraaoniical Inslraments. By I. F. 
Hbathir, M.A. Enlarged Lilian, for Ihe most part entirely re-wntlen. 
The Three Parti as above, in One duck Voluine. .... 4/6 

The SUd* Rnl*, and Hob to Use It. 

cubti'onl''ilth 'n™/ampled'™ydity"Md"^i^, B7'cHARt.M"lK.,IlR, 
C.K, With a Slide Rule, in tuck ^ cover. Eighth Edition . . 2/6 

IiOtfaiithms. 

With Maihematical Tabtei for Triiomnnetrical, Astronomical, and Nautical 
Calculationi. By Henbv Law, CK Revised Edition . . 3/0 

Compound Intareat and Annnitiaa (Theory of). 

With Tables of Logarithms for the more Difficult Compuiiiion! of Interest, 
Discount, Annuities, &c, in all their Applications and U«s for Mercantile 
and Stale Purposes. By FeoobThouan, Paris. Fourth Edition . 4/0 

Hathamatioal TablM, 

For Trigonometrical, Astronomical, and Nautical Caiculaliong 1 touliich is 
neliied a Treatise on Logariihnu. By H. Law, C.E, Together with a 
Series Bf Tables fur Navigation and Nautical Astronomy. By Professor J. 
R, YouNC, New Edition 4/0 

Hathamatloa, 

As applied to the ConstriKlivc Aitv By Psancis Cahfik, C.E., Ac 
Third Edition 3/0 

Astronomy. 

BylhcTate Rev. RonsitT Maik, F.R.S. Third Edition, revised and cor- 
rected to the Present Time. By W. T. Lvhk, F.R.AS. . . 2/0 

Statlos and Dynamlos, 

The Principles end Practice of. Embiacing also a clear development of 
Hydrastaiia, Hydrodynamics, and Central Forces. By T. Uakik, C£. 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

A DiotionaFy of Painters, and Handbook for Pioture 
Amatesrs. 

Beinje a Guide for Viators to Public and Private Picture Galleries, and for 
Art-Students, indndii^ Glossary of Terms, Sketch of Principal Schools of 
Painting, &c. By Philippb Dartl, B.A. 2/6 

Paintintf Popularly Si-zplained. 

By T. J. GuLUCK, Painter, and John Timbs, F.S.A Indudinz Fresco, 
Oil, Mosaics Water Colour, Water-Glass, Tempera Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth Edition 6/0 

A Diotionai^ of Terms used in Arohlteoture, Build- 
ing, engineering. Mining, Metallurgy, Arohsa- 
ol<^[j9 tne Fine Arts, fto. 

ByJoHNWsALB. Sixth Edition. Edited by R. Hunt, F.R.S. . 5/0 

Music : 

A Rudimentary and Practical Treatise. With numerous Examples. By 
Charles Child Spbncbr 2/o 

Pianoforte, 

The Art of Playing the. With numerous Exercises and Lessons. By 
Charlbs Child Spbnckr 1/6 

The House Manager. 

A Guide to Housekeeping, Cookery, Pickling and Preserving, Household 
Work, Dairy Management, Cellarage of Wines, Home-brewing and Wine- 
making, Gardening, &c By An Old Housbkseper . . 3/6 

Manual of Domestic Medioine. 

By R. Gooding, M.D. Intended as a Fanuly Guide in all cases of 
Accident and Emergency. Third Edition, carefully revised . . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. Jambs Baisd 1 /O 

Natural Philosophy, 

For the Use of Beginners. By Charles Tomlinson, F.R.S. . 1 /6 

The Blementary Principles of Electric Lighting.' 

By Alan A. Campbell Swinton, M.Inst. C.E., M.I.E.E. Fifth 
Edition [Jusi PublisJUd 1/6 

The Electric Telegraph, 

Its History and Progress. By R. Sabinb, C.E., F.S.A.. frc . . 3/0 

Handbook of Field Fortification. 

By Major W. W. Knollys, F.R.G.S. With 163 WoodcuU . . 3/0 

liOgic, 

Pure and Applied. By S. H. Emmbns 1/6 

liocke on the Human Understanding, 

Selections from. With Notes by S. H. Emmens . -1/6 

The Compendious Galoulator 

{lutuitrvt CeUculatioru). Or £^y and Concise Methods of Performing the 
various Arithmetical Operations required !in Commercial and Business 
Transactions ; together with Useful Tables, &c. By .Daniel O'Gorman. 
Twenty-eighth Edition, carefully revised by C. Nqrkis ^ '.'* . 2/6 
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Measures, Weights, and Honeys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. WooLHOUSS, F.R.A.S., F.S.S. Seventh Edition . 2/6 

Oramniar of the SSnglish Ton^e, 

Spoken and Written. With an Introduction to the Study of Comparative 
Philology. By Hyde Clarke, D.CL. Fifth Edition. . . -1/6 

Dictionary of the SSnglish Ijan^age. 

As Spoken and Written. Containing above xoo,ooo Words. By Hyde 
Clarke, D.C.L. 3/6 

Gomposition and Punctuation, 

Familiarly Explained for those who have n^lected the Study of Grammar. 
By Justin Brenan. Nineteenth Edition. 1/6 

French Orammar. 

With Complete and Condse Rules on the Genders of French Nouns. By 
G. L. Strauss, Ph.D 1/6 

Bn^lish-Frenoh Dictionary. 

Comprising a large number of Terms used in Engineering, Mining, &c 
By Alfred Elwes 2/0 

French Dictionary. 

In two Parts — I. French-English. II. English*French, complete in 
One Vol 3/0 

French and Bullish Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words, 
Collection of Phrases, and Easy Familiar Dialogues . . . .1/6 

German Orammar. 

Adapted for English Students, f»om Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss 1/6 

C^erman Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German-French-Enelish. Part II. 
English-German-French. Part III. French-German-English . . 3/0 

German Triglot Dictionary. 

(As above). Together with German Grammar, in One Volume . 6/0 

Italian Grammar. 

Arranged in Twenty Lessons, with Exercises. By Alfred Elwes. 1 /6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are carefully 
noted down. By Alfred Elwes. Vol. I. Italian-English-French. 2/6 

Italian Triglot Dictionary. 

By Alfred Elv.es. Vol. II. English-French- Italian . . .' 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. 111. French-Italian-English . . 2/6 

Italian Triglot Dictionary. 

(As above). In One VoL 7/6 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Alfred Elwes 1 /6 

Spanish-English and Bnglish-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alpebo 
Elwes . 4/0 
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P<NPtii^e«« Orammar, 

In a Simple and Practical Form. With Exercises. By Alfred Elwbs. i /Q 

Portugese -SSn^lish and Bn^lish- Portugese Dio- 
tionarv. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alprbd 

Elwes. lliird Edition, revised S/0 

%* Or with tfu Grammar, 7/0> 

Animal Physios, 

Handbook of. By Dionysius Lardnbr, D.C.L. With 520 Illustrations. 

In One Vol. (733 pages), cloth boards 7/Q 

*»* Sold also in Two Parity as follows : — 
Animal Physics. By Dr. Lardner. Part I., Chapters I. — VII. ^jQ 
Animal Physics. By Dr. Lardner. Part II., Chapters VIII.^XVIII. 

3/0 
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MECHANICAL ENGINEERING, ETC. 



THE MECHANICAL ENGINEER'S POCKET-BOOK. 

ConmiiiinE Tabla, Pormuls, Rules, uid Dua : A Hndy Book of Rdensu 
IbrDuLyUBeinEiigiiiKriiiEPuctice. ByD. KinheaiiClxbii.M.Iiiw.C.E., 
Fifth Edition, IhoiODEhly Rin^Kd and EDlarged. By H, H. P. Pov — 
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MR. MUTTON'S PRACTICAL HANDBOOKS. 



THE W0RK5' MANAQER'5 HANDBOOIC. 

Comprising Modern Rules, Tables, and Data. For Eneineers, Millwrights, 
and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iron and 
Brass Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer, 
Author of "The Practical Engineer'« Handbook." Sixth Edition, carefiilly 
Revised, and Enlarged. In One handsome Volume, medium 8vo, strongly 
bound 15/0 

B^^ Tht Author having compiled RuUs and Data for his own use in a gnat 
variety of modem engineering work, and having found hts notes extremely useful^ 
decided to publish them — revised to date— believing that a practical work, suited to 
the DAILY KBQUiRKMBNTS OP MODERN BNGiNBBRS, would be favourobly received, 

" Of thb edition we may repeat the appreciative remarks we made upon the first and third. 
Since the appearance of the latter very connderable modifications have been made, although the 
total number of pages remains almost the same. It is a very useful collection of rules, tables, and 
Workshop and drawii^ office data."— T^Ac Engituer, May xo, 1895. 

" The author treau every subject from the point of view of one who has collected workshop 
notes for application in worlcshop practice, rather than from the theoretical or literary aspect. The 
volume contains a great deal of that kind of information which is gained only by practical experience, 
and is seldom written in books."— 77m Engrinetr, June 5, x88<. 

" The volume is an exceedingly useful one, brimful with engineer's notes, memoranda, and 
rules, and well worthy of being on every mechanical engineer's \iooksibsiL"— Mechanical tVerld. 

" The information is precisely that likely to be required in practice. . . . The work forms 
a desirable addition to the library not only of the works' manager, but of any one connected with 
general engineering."— Af/MtM;;- journal, 

" Brunful of useful information, stated in a concise form, Mr. Hutton's books have met a 
pressing want among engineers. The book must prove extremely useful to every practical maa 
possesang a co^y."— Practical Engineer. 

THE PRACTICAL ENQINEER'5 HANDBOOIC. 

Comprising a Treatise on Modem Engines and Boilers, Marine, Locomotive, 
and Stationary. And containing a larg[e collection of Rules and Pncticai 
Data relating to Recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a com- 
prehensive Key to the Board of Trade and other Examinations for Certificates 
of Competency in Modem Mechanical Engineering. By Walter S. Hutton, 
Civil and Mecnanical Engineer, Author of" The Works' Manager's Handbook 
for Engineers," &c. With upwards of 4ao Illustrations. Sixth Bkiition, 
Revised and Enlarged. Medium 8vo, nearly 560 pp., strongly bound. 

[Just Published. 18/0 

W^ This Work is designed a§ a companion to the Author's "Works' 
Manager's Handbook." It possesses many new and original features, and con* 
tains, like its predecessor, a quantity of matter not originally intended for publication 
but collected by the Author for hts own use in the construction of a great variety of 
Modern Engineering Work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of 420 Engravings ; and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing^ or estimating for Engines, Boilers, 
and OTHER Engineering Work. 

" We have kept it at hand/or several weeks, referring to It as occasion arose, and we have not 
on a single occasion consulted its pages without finding the information ef which we were In quest" 
—Athenaum. 

" A thoroughly good practical handbook, which no engineer can go through without leaming 
something that will be of service to h\xa."— Marine Engineer. 

" An excellent book of reference for engineers, and a valuable text-book fior students of 
engineering."— 5r0<:f man. 

"Thu valuable manual embodies the results and experience of the leading authorities on 
mechanical engineerii^."— ^w^/iAm^ News. 

" The author has collected together a surprising quantity of rules and practical data, and has 
shown much Judgment in the selections he has made. . . . There is no doubt that this book Is 
one of the most useful of its kind published, and will be a very popular compendium."— ^MfiM«(r. 

" A mass of hiformation set down in simple language, and in such a form that It can be easDy 
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shelves, where It will rapk as 
one of the most uaefbl books of reference."— ^^cMh>/ Engineer. 

" Full of useful informatlun, and should be found on the office shelf of aU practical engineers." 
'•BngUeh Mechanic, 
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MR. HUTTON'3 PRACTICAL HAN DBOOKS-wwrtH**. 
STEAM BOILER CONSTRUCTION. 

A Pnnica] Hiuidbaak foe Enginccni, Soi\a-M=kcIS, and Siclm Uxn. 
Conwining > luge Collection of Kula and Data Tciating 10 Recent Fiacdca 
in tbe Dsign, Confllructioa, and Workinff of ■!! Kinds of Siniionuy, Loco- 
motive, wuf Marine Steam-Boileii. By Waltex S, Huttom, Civil lud 
MedumUal EnglBeer, Author of "The Works' Manageri Handbook,"" The 
Pncticil Eniineer'a Handbook," &c Wib upwuds of yu llluiiruians. 
Tbird Edition, Itanroufbly Revised, in part Re-wcilten, and mucb Enki^ed. 
Medium Gvo, over 6od pages, clolb, Klrongly bound .... 18/0 
■jV* This Work ft iuiud in contimialum 0/ Iks Siriu of Handbaelii irriMm 
hi UW .4 <iMor.ut(.:—"THBWoBKE'HAHAaEii's Handbook" aml,"TKEPitACTicAL 
Encinbeb's Hanqbooe," irhich art 10 kigkly appnciaUd by ngiHun for tin 
praciiced tuUurt of thtit informoHoit; and it constqutnily writUn in tha samt itylt 
at tlitit wirht. 

Thf Author bilUvu lliat llu CBnanlralion. in a convmini form far tan 
rtfmct, 0/ i«tk a la'gi amoim* of ihorougSly fraclicul infanaatun on SInm- 
Boiitrt, wiO bi 0/ coruidtrabU itrvia to thost for whom it is tntmdtd, and Jx Iruili 
llf book may bt iumtd worlhy of ru favovrabU a MCtplion as kat b4tn accordtd U> 
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PRACTICAL MECHANICS' WORKSHOP COMPANION. 
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d Calculated Rest 



iricITof tbe mmt u»fLil Rules and Farmube in Mechanical 
ui Tatlej of Praclica' " " ■ - ■ ■ • - • - 



, Jl OpHBlions. L, „ 

" The Engineer's Piaclica) As5istanl,"&i:., fie Eiebteeutb Edition, Revised, 
Modetnljed, and conjiderably Enlarged by Walte>^. Hui-rod, CE., Author 
of "The Worki' Manager's Handbook,' "The Practical Engmeer't Hand- 
book," &C. Fcap. Svo, nearly Joopp., withB Phues and npvaids of 950 Illus- 
trative Dlagrmru, Kroogly bound wr workshop or pocket wear and tear . 6/0 



ENGINEER'S AND MILLWRIGHT'S ASSISTANT. 

A Collection of Useful Tables, Rules, and Data. By Wli 
Eighlb Edition, with Addilicns, iSmo, cloth 
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THE MECHANICAL ENQINEER'5 REFERENCE BOOK. 

For Machine and Boiler Construction. In Two Parts. Part I. General 
Engineering Data. Part II. Boiler Construction. With 51 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N. A. Second Edition, 
Revised throughout and much Enlarged. Folio, half-bound . Net £8 8s, 

PART I.— MEASURES.— CIRCUMFBRENCFS AND AREAS. &C.. SQUARES, CUBES, 
FOURTH POWERS.— SQUARE AND CUBE ROOTS.— SURFACE OF TUBES.— RECIPROCALS.— 

Logarithms. — MENSURATION.— Specific Gravities and Weights.— work and 
POWER. — Heat.— Combustion.— Expansion and Contraction.— Expansion of 
GASES.— Steam.— Static Forces.— Gravitation and Attraction.— motion and 
Computation of Resulting forces.- Accumulated Work.— Centre and Radius 
OF Gyration.— moment of Inertia.— Centre of Oscillation.— ELECTRicmr.— 
Strength of Materials.— elasticity.— test Sheets of metals.- friction.— 
Transmission of Power.— flow of Liquids.— Flow of Gases.— Air Pumps, Surface 
Condensers, &c.— speed of Steamships.— Propbllers.—Cutting Tools.— Flanges. 
—Copper Sheets and Tubes.— Screws, Nuts, bolt Heads, &c.— Various Recipes 
and Miscellaneous Matter.— With DIAGRAMS for Valve-Gear, belting and 
Ropes. Discharge and Suction pipes. Screw Propellers, and copper Pipes. 

PART II.— Treating of Power of boilers.— Useful Ratios.— Notes on 
Construction. — Cylindrical Boiler shells. — Circular Furnaces. — Flat 
Plates.— Stays. — Girders.— Screws. — Hydraulic Tests. — Riveting. — boiler 
Setting, Chimneys, and Mountings.— Fuels, &c.— Examples of Boilers and Speeds 
of Steamships.— Nominal and Normal horse power.— With DIAGRAMS for all 
Boiler Calculations and drawings of many Varieties of Boilers. 

" Mr. Foley is well fitted to compile such a work. The diagrams are a great feature of the 
work. It may be stated that Mr. Foley has produced a volume which will undoubtedly fulfil the 
desire of the author and become indispensable to all mechanical engineers."— Afarine En^iMeer. 

" We have carefully examined this work, and pronounce it a most excellent reference book 
for the use of marine engineers."— 7<9Mrwa/ o/Anterican Society o/Nawxl Engineers. 

COAL AND SPEED TABLES. 

A Pocket Book for Engineers and Steam Users. By Nelson Foley, Author 

of " The Medianical Engineer's Reference Book." Pocket size, cloth . 8/9 

" These tables are designed to meet the requirements of every-day use ; they are of sufficient 
scope for most practical purposes, and may be commended to engineers and users of steam." — Iron. 

TEXT-BOOK ON THE STEAM ENGINE. 

With a Supplement on Gas Engines, ai d Part II. on Heat Engines. By 
T. M. GooDEVE, M.A., Barrister-at-Law. Professor of Mechanics at the Royal 
College of Science, London ; Author of "The Principles of Mechanics," " The 
Elements of Mechanism," &c. Fourteenth Edition. Crown 8 vo, cloth . 6/0 

" Professor Goodeve has given us a treatise on the steam engine which will bear compailson 
with anything written by Huxley or Maxwell, and we can award it no higher praise."— £f«pif*«cr. 

" Mr. Goodeve's text-book is a work of which every young engineer should possess himself." 
— Mining youmal. 

ON QAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

Goodeve, M.A. Crown 8vo, cloth 2/6 

" Uke all Mr. Goodeve's writings, the present is no exception In point of general excdtence. 
It is a valuable little yxi\\xxDit."— Mechanical World. 

THE GAS-ENGINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer. By E. W. 
Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 

Utt 8/6 

A TREATI5E ON 5TEAM BOILERS. 

Their Strength, Construction, and Economical Working. By R. Wilson, C.E. 

Fifth Edition. z2mo, cloth 6/0 

'* The best treatise that has ever been published on steam \x^<tx%." —Engineer. 

THE MECHANICAL ENGINEER'S COMPANION 

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millim et res, 

auares, cubes, roots, &c. ; Strength of Bolts, Weight of Iron, &c. ; Weights, 
easures, and other DaU. Also Practical Rules for Engine Proportions. By 
R. Edwards, M.Inst.C.£. Fcap. 8vo, cloth. 8/0 

"A veiy uaefiil little volume. It contains sumy tables, daaiified data and nwmonmda 
generally uaeftd to englaeeis."— Snye ^mvr. 

"What it profesMS to be, ' a lumdy olBce companion,' giving In a mcclnct form, a variety of 
information likdy to be required by mechanical engineer* te tbelff everyday oAce work."-.Ar««Mf«. 
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A HANDBOOK ON THE STEAM ENGINE. 

With especial Reference to Small and Medium-sixed Engines. For the Use of 
Engine Makers, Mechanical Draaghtsmen, Engineering Students, and users 
of Steam Power. By Herman Haeder, C.E. Translated from the German 
with additions and alterations, by H. H. P. Powles, A.M.I.C.E., M.I.M.E. 
Th'rd Edition, Revised. With nearly x,xoo Illustrations. Crown 8vo, 

cloth JW/ 7/6 

*' A perfect encyclopaedia of the steam engiine and its details, and one which must take a pci* 
manent imce in Engflish arawin^-offices and workshops."— y# ^«rrma» Pattem-rnaker. 

" This is an excellent book, and should be in the hands of all who are interested in the con* 
stractlon and design of medium-sized stationary engines. ... A careful study of its contents and 
the arrangement of the sections leads to the conclusion that there is probably no other book like It 
In this country. The volume aims at showing the results of practical experience, and it certainly 
may dahn a comidete achievement of this xdeai."— Nature. 

" There can be no question as to its value. Wc cordially commend it to all concerned in the 
dt;sign and construction of the steam engine." — Mechanical H-'orld. 

BOILER AND FACTORY CHIMNEYS. 

Their Draught-Power and Subilitv. With a chu)ter on Lightning Cortductors. 
By Robert Wilson, A.I.C.E., Author of " A Treatise on Steam Boilers," &c. 

Crown 8vo, cloth 8/6 

" A valuable contribution to the literature of scientific buikling."— 7:%« Builder. 

BOILER MAiCER'5 READY RECKONER & A55I5TANT. 

With Examples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, and Riveters. By John Courtney. Edited by D. K. Clark, 
M.I.C.E. Fourth Edition, 480 pp., with 140 Illustrations. Fcap. 8vo, half- 
bound 7/0 

" No workman or apprentice should be without this book."— Iron Trade Circular, 

REFRIGERATION, COLD STORAGE, & ICE-MAKING: 

A Practical Treatise on the Art and Science of Refri|;eration. By A. J. 
Wallis-Taylbr, A.M.Inst.C.E., Author ot "Refrigerating and Ice-Making 
Machinery." 600 pp., with 360 Illustrations. Medium Bvo, cloth. 

[Just Published. Net 1 6/0 

" The author has to be congratulated on the completion and production of such an impor- 
tant work and it cannot fail to have a lai^e body of readers, for it leaves out nothing that would in 
any way be of value to those interested m the s\ih]ect.*'— Steamship. 

" No one whose duty it is to handle the mammoth preserving installations of these latter days 
can afford to be without this valuable hook."— Glasgow Herald. 

THE POCKET BOOK OF REFRIGERATION AND ICE- 

MAKINQ FOR 1903. 

Edited by A. J. Wallis-Tayler, A.M.Inst.C.E. Authbr of " Refrigerating 
and Ice-making Machinery," &c. Small Crown 8vo, cloth. 

[Just Ptd>lished, Net 21 S 

REFRIGERATING & ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tavlbr, 
A.-M. Inst. C.E. Third Edition, Enlarged. Crown 8vo, cloth. 

[Just Publish$d, 7/6 

"Practical, explicit, and profusely illustrated."— Giiur/iinv Herald. 

** We recommend the book, whicn gives the cost of various systems and Illustrations showing 
details of parts of machinery and general arrangements of complete installations."— ^M^/rf^. 

" May be recommended as a useful description of the machinery, the processes, and of the 
facts, fipues, and tabulated physics of lefrigermng. It is one of the best compilations on the 
tuhjnet^-'^MgiMeer. 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the Cultiva- 
tion of the Tea Plant and the Preparation of Tea for the Market. By A. J. 
Wallis-Taylbr, A.-M. Inst. C.E. Medium 8vo, 468 pp. With ax8 
Illustrations. [Just Published. Net 25/0 

" When tea planting was first introduced Into the British possessions littie, if any, machinety 
was employed, but now its use is almost universaL This volume contains a venr full account of tk^ 
machineiy necessary for the proper outfit of a ftctoiy, and also a description 01 the processes \t 
carried out by this machinery."— y^Mfvia/ Society <if Arts, 
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BNQINEERINQ E5TIMATB5, C05T5, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. By 
A General Manager. Second Edition. 8vo, cloth 12/0 

*' This b an excellent and very useful book, coverine subject-matter in constant leoulsition hi 
•very factory and workshop. . . . The book is invaluable, not only to the young engineer, but 
also to the estimate department of every works."— Builder. 

" We accord the work unqualified praise. The information is given in a plain, straightforward 
aaannar, and bears throughout evidence of the intimate practical acquaintance of the author with 
•very phase of commercial enginewing."— AftcAax^m/ tvorld. 

AERIAL OR WIRE-ROPE TRAMWAY5. 

Their Construction and Management. Bv A. J.Wallis-Taylbr, A.M.Inst.C.B. 
With 8x Illustrations. Crown 8vo, cloth 7/6 

"This is in its way an excellent volume. Without gohig into the minutiae of the subject, it 
yet lays before its readers a very {food exposition of the various systems of rope transmission in use, 
and gives as well not a little valuable information about their working, repair, and management. 
We can safely recommend it as a useful general treatise on the subject."— /A^ Engineer. 

MOTOR CARS OR POWER-CARRIAGES FOR COMMON 

ROAD5. 

By A. J. Wallis-Tayler, A. M. Inst. C.E., Author of " Modem Cycles," 

&c. 212 pp., with 76 Illustrations. Crown Svo, cloth . . . • 4/6 

" The book is clearly expressed throughout, and is Just the sort of work that an engineer, 

thinking of turning his attention to motor-carriage worlc, would do well to read as a preliminary 

to startmg o^ra^MS,"—En^neeriHg. 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Joseph G. Hornbr, 
A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . . 7/6 
"This work is characterised by that evidence of dose acquahitance with workshop methods 
which will render the book exceedlnffly acceptable to the practical hand. We have no hesitation 
in commending the work as a serviceable and practical handbook on a subject which has not 
hitherto received much attention from those qualified to deal with it in a satisfactory manner."— 
Mechanical World. 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Types of Engineering Construction, 

and including Gearing, Engine Work, Sheaves and Pulleys, Pipes and Columns, 

Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in Loam 

and Greensand, estimating the weight of Castings &c. By Joseph G. Horner, 

A.M.I.M.E. Third Edition, Enlarged. With 486 Illustrations. Crown 8vo, 

cloth. Net 7/6 

" A well-written technical guide, evidently written by a man who understands and has prac* 

tised what he has written about. . . . We cordially recommend it to engineerins: students, young 

Journeymen, and others desirous of being initiated into the mysteries of pattern-making."— ^wi/eiisr. 

" An excellent vade mecum for the apprentice who de»res to become master of his trade.** 

—Eng^lish Mechanic. 

MECHANICAL ENGINEERING TERMS 

(Lockwood's Dictionary op. Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting;, Turning, Smiths', and Boiler Shops, &c. Com- 

f rising upwards of 6,000 Definitions. Edited by J. G. Horner, A.M.I.M.E. 
bird Eaition, Revised, with Additions. Crown 8vo, cloth . . Net 7/6 

" Just the sort of handy dictionary required by the various trades engaged in mechanical en- 
gineering. The practical engineering pupil will find the book of great value in his studies, and every 
f jreman engineer and mechanic should have a copY."— Building News. 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By J. Horner, A.M.I.M.E. 

With 184 Illustrations. Crown 8vo, cloth 6/0 

" We give the book our unqualified praise for Its thoroughness of treatment, and recommend 
It to all interested as the most practical book 00 the subject yet wtlttea."— Mechanical fVtrU. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manag«« 
ment ; Foreign Fire Systems ; Hints on Fire-Brigades, &c. By C. F. T. 

Young, C.E. Svo, cloth £1 4s. 

" To such of our^readeiB as are interested In the subject of fires and fire mpftantaa we can 
most heartily commend this Y)ock,''Sn£i««erintr. 
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ATRIAL NAVIOATION. 

A Practical Handbi:ok on the ConstmcHon of Dirigible Balloon!, ASrosIstt, 
Aeroplanes, and Aercmolon. By Fiedehick Walkse, C.E., Aswciatt 
Member a( the Acrooautic Instiluls. Wkb 194 Ulu^mtions, Large Ciown 
8«SCloih. [Jml pHbfishid. Nil. 7/6 

STONE-WORKINQ MACHINERY. 

A Manual dealing with the Samd and Econnmical Convenion oF Stone. Wilb 
• ■ ^ "■ "■ ■■•orlti. ByM.PowH 



ged, Cro- 



'^s::l 






PUMP5 AND PUMPING. 

A Handbook (at Pump Usen. Being NoI« on Selection, ConilnictlOD, tad 
Manwemeni. By H. Fowls Balk, M.I.M.E. Fourtb Bdiiion. Crown 
Bvo, cTolh 3/5 

MILLING MACHINES AND PROCESSES. 

A Pnciical Treatise on Shaping Melalt by Rotary Cullers. Inctuding 
InFormalion on Making and Grinding tbe Cutters. Bjy Paul N. Hasluck, 
AnthoTof "Latlifl.WorE." WitbapwardtofsooEngravings. Large crown Svo, 
.■"?'.» 

LATHE-WORK. 

A Ftactica] TiealiH on tbe Tools, Appliucei. and Proceuet employed it 
the All of Turning. By Paul N. Hasluck. Seventh Edition. Ciown Svo 
cloth 6/0 

SCREW-THREADSr"' *" 

And Methods aC Frodudng Them. With nnmerons Tablet and complete 
Directions for uung Screw-Cutting Lalbes. By Paul N. H^vsldcic, Autbcr 
of"Utbe-Work,"3tc Fifth Ediuon. Waiucoal-pocket siie . . 1/6 

■■ FuH of ukM lorannuloa. UrUS and pmcHciI ciMdBD. Tapt, diet, uid jcrewliig tooEi 
generally are lUuHrued uid Eticlr actiw deKribed."— JAnlon^ji; Wprid. 

"It ta A ceoiplere compBndtuiq of all tbe detiBs oTtbH HiexuEHnr latbe i bi Aid, K wwOufH- 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS, BUILDERS. Ac. 

Selected and Atranged by Francis Suii-h. Siiih Edition, Revised, including 
Electrical Tables, Fokuul^, and Msuorahda. Waistcoat-pocket sac. 



■lulls of a eud-cwe.'— MMkt Mh. "X^Altile pock^ t^^uiy ol kuDuledge."— Jnx! 

POCKET OLOSSARY OF TECHNICAL TERMS. , 

English-French, Frem^-English ; with Tables suitable Tor tbe liiliiliiilimL J| 
Engineering, Manubctoting, and Nautical Frofeuians- By lOHN J«^H 
Fletcusi. Third Edition, 900pp. WBincoat.pai:keiiiie,UDp'Wli|PH^^ 
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THE BNQINBBR'S YEAR BOOK FOR 1903. 




Office, London, Author of "A Handbook of Electrical Testing," "The 
Electrical Engineer's Pockct-Book," &c. With i,ooo Illustrations, specially 
Engraved for the work. Crown 8vo, 900 pp., leather. [Just Published. 8/0 

"Kempa's Year Book reaHy requires no commen'latioii. Its sphere of usefulness is widely 
known, and It is used by engineers the world over."— r^w Hnfiiuer. 

**The volume to distinct^ In advance of most rimilar pubHcationa in tlito countiy."— 

** Thto vafaiable p w < P well-dnigned book of leference meet! the finmandt of aD daiciip dons of 
•nglneen.''— Ssiiwn^x t Umiem. 

** Teems with up-to-date Infonnatlon la every branch of en giae e i ing and conatructlon.*— 
BtdUUngNtws. 

** The needs of the engineering profeMlon couki hardly be supplied in a more admbafato, 
complete and convenient form. To say that It more than sustains all comparisions to piaiae of the 
U^^tMSt sort, and that may Justly be said of It"— if«M<«v youmal. 

** There to certainly room for the newcomer, which supplies explanations and (Uractiaas, •> 
weO as formulae and tables. ltd 



to become one of the most successful of the technical 
annuals."— w<<reM«K«. 

** Brings together with great skill all the terhniral informatioa vrtUch an engineer has to use 
day by day. It is in every way admirably equipped, and to sure to prove succeasfij."— >So> <ri w Mw» . 

"The up-to-dateness of Mr. Kempe^ conciliation to a quality that will not be lost on the busy 
people for whom the work to intended."— GAu^vw Herald. 

THE PORTABLE ENGINE. 

A Practical Mantial on its Construction and Management. For the use 
of Owners auid Users of Steam Engines generally. By William Dyson 
Wansbrough. Crown 8vo, cloth 8/6 

** Thto to a work of value to those who use steam machinery. . . . Shoukl be read by every 
one who has a steam engine, on a farm or elsewhere." — Mark Latu Exprtu. 

" We cordially commend thto work to buyers and owners of steam-engines, and to those wIm 
have to do with the& construction or use."— TVmAct Trades ycurnoL 

" Such a general knovdedge of the steam-engine as Mr. Wansbrough furnishes to the leader 
Should be acquired by all intelligent owners and oth«rs who use the steam-engtoe. "—BuUdtnf New*. 

** An excellent text-book of thto usefiil form of engine. The * Hfaits to Purchaaets' contain a 
good deal of common-sense and practical wisdom."— ffV'^A Mecfiantc. 

IRON AND STEBU 

A Work for the Forge, Foundry^ Factory, and Office. Containing ready, 
useful, and trustworthy Information for Ironmasters and their Stock-takers: 
Managers of Bar. Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Builders; Mechanical. Mining, and Con* 
suiting Engineers ; Architects, Contractors, Builders, &c. By Charles Hoarb, 
Author of ^' The Slide Rule," &C. Ninth Edition, aamo, leather . 6/0 

** For comprehensiveness the book has not its equaL"— /rv«(. 

" One of the best of the pocket books."— £><^/if A Mechanic. 

CONDENSED MECHANICS. 

A Selection of FormnlsB, Rules. Tables, and Data for the Use of Engineering 
Studenu, &c. By W. G. C. Hughes, A.M.I.C.E. Crown 8vo, doth . 2/6 

" The book to well fitted for those who are preparing for examination and wish to refresh 
their knowledge by going through their formulae again.' —ifoWM< Engineer. 

THE SAFE U5E OP STEAM. 

C(mtaining Rules for Unprofessional Steam Users. By an Enginxkr. Seventh 

Edition. Sewed 6d« 

" If steam-useis would but leam thto little book by heart, boiler expkMions would become 
sensations by theU tw^."''EntHsh Mechanic, 

THE CARE AND MANAGEMENT OF STATIONARY 

BNOINE3. 

A Practical Handbook for Men<«in<charge. • By C. Horst. Crown 8vo, cloth. 

ijHst Publishtd. fist 1/Q 



MECHANICAL BNGIUBERING. d-c. g 

THE LOCOMOTIVE ENOINE. 

The Aiuobi<Hnphy of u Old Locomotin Enffaie. By Robdit WEATHm- 

BU(K, M.l.M.E. With IllnmadoDS wid Patnics of Geokge and RoanT 
St»piihnson. Crown Syo, cloitu , Jftt 2/6 



i. Crown !vo, cloth. 

IJuil P<Miilud. Ntl 4'6 

LOCOMOTIVE ENOINE DRIVINQ. 

A Ptlcticil Manlul foi Engineeii in ChuEe of Locomotivi BnEinet. By 
MicHUL Revholds. fomurly LdcdidoiEve InspKlar, L. B. & S. C. R. 
Eleventh Edition. Includini n Key to the Locokotive Engine. 
Cra*n gvo. clolh 4/6 



THE MODEL LOCOMOTIVE ENQINEER, 

Firemin, and Engine-Boy. Compriang ■ Historical Notice of tht Pioneer 
LocomDlive E^nes uid their InventoiB. By Michael Revn0Ui&. Second 
Edition, with RevlMd AppendLi. Crown Gvd, doth. .... 4/6 



Iheir Conslruciioo and PertormBnce. By Michabl Rbvnduis, 

BO 

■■ A popuUr expUiiatEDD ot Ib« diOfimil bT^«- It wUI b« dC gnat BBlilaDCB In fOntarkU 
^bUe vpfqioii, nd wdl be sudicd with iMiwfit by thoie who t>ki ulntenK In tbe bnke."— ^iv'ul 

STATIONARY ENOINE DRIVINO. 

A Fnctical Uanqal lor Engineer) m Chaige of Stuionary Engines. By 
Michael Revholds. Siith Edition. With Plmei and Woodcni^ 



ENOINE-DRIVINO LIFE. 

SlUTing Adventurea and Incidents in Ihe I.im of Locomoti 
DriToi. By Michael Revholds. Third Edirion. Croon Syo, i 



THE ENQINEMAN'5 POCKET COMPANION, 

And Fnctica] Educalot for Eneinemen, Bollei Attendants, a 
By Michael Revholds. With 4; llluHiationi and naiaer 
Founh Edition, Reviied. Royal lEmo, strongly buund for pod 






lo CROSBY LOCKWOOD S' SON*S CATALOGUE. 



CIVIL ENGINEERING, SURVEYING, ETC. 
LIGHT RAILWAYS FOR THE UNITED KINGDOM, 

INDIA* AND THB COLONICS. 

A Practical Handbook lettinE forth the Principles on which Li|^t Railways 
should be Constructed, Worked, and Financed ; auid detailing the Cost of 
Construction, Equipment, Revenue and Working Expenses. By J. C Mack at, 
F.G.S., A.M. Inst. C.E. lUustrated with Plates auid Diagrams. 8vo, cloth 

15/0 

**Mr. Mackay's voliune is deafly and coocisdy written, admirably arranged, and frody 
ilustnted. The book is exactly wliat has been Voog wanted. We reoomniend it to all Intcinnitod 
in the nbJecL It b sure to have a wide sale."— ^atAwjf Ntws. 

TUNNELLING. 

A Practical Treatise. By Chakles Prbuni, C.E. With additions by 
Charles S. Hill, C.E. With 150 Diagrams and Illustrations. Royal 8vo, 
cloth Ntt 16/0 

PRACTICAL TUNNELLING. 

Explaining in detail Setting-out the Works, Shaft-snking, and Heading-driving, 
Ranging Uie Lines and Levelling underground, Sub-Excavating, Timbering 
and the Construction of the Brickwork of Tunnels. By F. W. Sim MS, 
M. Inst. CE. Fourth Edition, Revised and Further Extended, including the 
most recent (1895) Examples of Sub-aqueous and other Tunnels, by D. Kinnbar 
Clark, M. Inst. CE. With 34 Foldmg Phites. Imperial 8vo, cloth £2 2s. 

** The present (1896) edition has been brousht right up to date, and is thus rendered a woric to 
wiiich civil engineers generally should have ready access, and to which engineers who have con- 
struction work can hardly afford to be witliout. but which to the younger memben of the profession 
Is innduable, as from its pages they can learn the state to -wbach. the science of ti»""tWmg has 
attained."— ^iii/wejr Ntws. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATER-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engineering. 
By W. K. Burton, A.M. Inst. C.E., Consulting Engineer to the Tokyo 
Water-works. Second Edition, Revised and Extended. With numerous 
Plates and Illustrations. Super-royal 8vo, buckram. [Just Published. 26/0 

I. INTRODUCTORY. — II. DiFFBRBNT QUAUTIBS OP WATBR. — III. QUANTITY OP 

Water to bb Provided.— IV. On ascertaining whether a Proposed Sourcb op 
Supply is Supficient.— v. on estimating the Storage Capacity required 
TO BE Provided.— VI. Classipication op water-works.— VII. impounding rbsbr- 
voiRS.— VIII. Earthwork Dams.— IX. Masonry Dams.— X. The puripication op 
Water.— XI. Settling Reservoirs.— XII. Sand Filtration.— XIII. purification 
OP Water by Action op Iron, Softening op Water by Action op Limb, Natural 
Filtration.— XIV. Service or clean Water Reservoirs— Water TowbAs— Stand 
Pipbs.— XV. The connection op settling Reservoirs, Filter Beds and service 
Reservoirs.— XVI. Pumping Machinery.- xvii. flow op Water in Conduits- 
Pipes AND OPEN Channels.— xvill. Distribution Systems.— XIX. special Pro- 
visions FOR THE Extinction of Fire.— XX. Pipes for Water-works.— XXI. Prb- 
VENTioN of Waste of Water.— XXII. Various appliances usbd in Connbction 
WITH Water-works. 

Appbndix I. By Prop. JOHN MILNE, F.R.S.— Considerations concerning the 
PROBABLE Effects op Earthquakes on Water-works, and the Spbcl/o. Pre- 
cautions TO BE TAKEN IN EARTHQUAKE COUNTRIES. 

APPENDIX II. By JOHN DE RIJKE, CE.— ON SAND DUNBS AND DUNB SAND AS 

A SOURCB OF Water Supply. 

" The chapter upon filtration of water is very complete, and the details of construction well 
Illustrated. . . . Tne work should be specially valuable to civil engineeis engaged In woric in 
Japan, but the Interest is by no means confined to that locality."- ^M^fUMMr. 

" We congratulate the author upon the practical commonsense shown In the prepar at ion of 
this work. . . . The plates and oiagzams have evidendy been prepared with great care, and 
cannot fail to be of great assistance to the student"— ^M<A<cr. 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 

works for small Country Districts. By Allan Grbbnwbll, A.M.I.C.E., 

and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, 

Revised. Crown 8vo, cloth 5/0 

"We consdentiottsly recommend It as a very useful book for those concerned In obtaining 
water for small districts, giving a great deal of practical Information In a amal 1 compass. "—^wAUIfr. 
" The volume contains valuable information upon all matters connected with water snpply. 
. . It is full of details on points which are co nt in u all y bafore.water-works engineen."— ^VoAMm . 
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THE WATER SUPPLY OF CITIES AND TOWNS. 

Bjr WiLLiuf Hdhber a. V 

■LOd WrouEht Iroo BHdn Ct 
Plu», I Single Plate, Colou 






HYDRAULIC POWER ENQINEERINO. 

A PcscLical Manual on IbE CsncenUalion and 1 
Hydraulic MichineTy. By G. Croidoh Haiks 



1_= MMnttaUm «. iu«n,.Hon "C.^"*'^.^ 
Jfil BIO 



HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULA. 

For Finding the Discliaige of Wal« ftom Orifices, Notches, Wdis, Pipej. and 
Rivets. With New FormulB, Tablet, and General Infoimaiion on K^-bll. 
C«chin<nt-iliisitu, Dninsee, SewerBge, Water Supnlv for Towns and Hill 
Power. By JOBK Nbvillb, Cinl^ngineer, U.R.i.A. Third Edition, 



HYDRAULIC MANUAL. 

Coniisthig of Working Tables and Ijipluitvy Text. Intended 
Hydraulic Calculation! ud field Operation!. Ky Luwis D- 
Author of "Aid to Surrey Pradice," '^Modern Metrolocv'' 
Edition, Enluged. Large crown tvo, cloib . . . . 



WATER ENGINEERINa. 

A Practical Tieallse < 
■km of Water Ibr the E 
ByCHAR - 
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THE RECLAMATION OP LAND FROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proinietors, and others interested in 
Works of Reclamation. By Alex. Bbazbley, M.Inst. C.E. 8vo, cloth. 

2^et 10/6 

" The book shows in a concise way what has to be done in reclaiming land from the sea, and 

the best way of doing^ it. The work contains a great deal of practical and useful information which 

cannot fail to be of service to engineers entnist«i with the enclosure of salt marshes, and to land- 

owners intending to reclaim land from the sea."— TA^ Engineer. 

" The author has carried out his task eiiiciently and well, and his book contains a large 
amoant of information of great service to engineers and others interested in works of reclamation." 
—Nature. 

MASONRY DAMS PROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification and Tender, Pocket 
Diagram of Forces, &c. For the use of Civil and Mining Engineers. By 

C. F. CouRTNBV, M. Inst. C.E. 8vo, cloth 9/0 

** The volume contains a good deal of valuable data. Many useful suggestions win be found 

in the remarks on site and position, location of dam, foundations and constrxcXxon."— Building 

News. 

RIVER BARS. 

The Causes of their Formation, and their Treatment by " Induced Tidal 

Scour " ; with a Description of the Successful Reduction b^ this M^od of 

the Bar at Dublin. By I. J. Mann, Assist. Eng. to the Dublm Port and Docks 

Board. Royal 8vo, cloth 7/6 

" We recommend all interested in harbour works— and, indeed, those concerned In the 
improvements of rivers generally— to read Mr. Mann's interesting ^mik,"— Engineer. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System; with an exhaustive 
Analysis of the Various Modes of Traction, including Horse Power^ Steam, 
Cable Traction, Electric Traction, &c. ; a Description^ of the Varieties of 
Rolling Stock ; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughly Revised, and Including the Progress recently made in 
Tramway Construction, &c., &c By D. Kinnear Clark, M. InsL C£. 
With 400 Illustrations. 8vo, 780 pp., buckram. 28/0 

" The. new volume is one which will rank, among tramway engineers and those interested in 
tramway working, with the Author's world-famed book on railway machinery."— TAf Engineer. 

SURVEYING AS PRACTISED BY CIVIL ENGINEERS 

AND 5URVBY0R5. 

Including the Setting-out of Works for Construction and Surveys Abroad, with 
many Examples taken from Actual Practice. A Handbook for use in the Field 
and the Office, intended also as a Text-book for Students. By John White- 
law, Tun., A.M. Inst. C.E., Author of *' Points and Crossings.' With about 
260 Illustrations. Demy 8vo, cloth. [Just Published, Net IQIS 

" This work is written with admirable lucidity, and will certainly be found of distinct value 
both to students and to those engaged in actual practice."— TA^ Builder. 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Survey-work in 
the Colonies. By Gborgb W. Usill, A.M.I.C.E. With 4 Lithographic 
Plates and upwards of 330 Illustrations. Seventh Edition. Including Tables 
of Natural Sines, Tangents, Secants, &c. Crown 8vo, 7/6 cloth ; or, on Thin 
Paper, leather, gilt edges, rounded corners, for pocket use ... 1 2/6 

" The best forms of instruments are described as to their construction, uses and modes 
of employment, and there are innumerable hints on work and equipment such as the author, la 
his experience as surveyor, draugrhtsman and teacher, has found necessary, and which the student 
In his Inexperience will find most xrvizKa^t."— Engineer. 

" The first book which should be put in the hands of a pupil of Civil Engineering."— 
Architect. 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-oat ; and in Route Snr* 
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 
By Lewis D'A. Jackson, A.M.I.CE. Second Edition, Enlarged. 8vo, 

doth 12/6 

" Mr. Jackson has produced a valuable vademeeum. for the sunresror. We can lecoomend 
tliis book as containing an admirable supplement to the teaching of the accomplished surrayor."— 
M tHenetu/Hm 

"The author brings to his work a fortunate tmloa of theory and practical experience wUeh, 
idded by a clear and Indd s^rle of writing, lenders tlM book a varjr I ' 
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SURVEYINQ WITH THE TACHEOMETBR. 

A pnctkll Muulfbi tbs ue of Civil andMiLilnryEngiDeeniuid Surveyoi^ 
IiKluding two Kiiei of Tables ^nciiUy compuied for [be Reduotion of 
ReAdingi in Sexagefiina] and in uniuioial D«£recs. Bv Neil KsNNfcDVt 
M.Iast.CE. WiibDinctuntandPlalu. Demy Sfo, cloth. 2)it ^Ola 

ENGINEER'S & MININQ SURVEYOR'S FIELD BOOK. 

Cmuiidni or 1 Scriu of Tables, with Rules, Explinalions of Systemi, and 



ZJd^e'^S^'"-'"-'-'^' 



'ly ; i?'r"'"i * 



Tbeodoliw, Setling-oul ..„, .._ _ 

Tables, ac. Bv W. Davis Haskoll, CE. With numeioui Woodcuts. 
Fourth Edition, Enlaiged. Crown Svo, cloth . -—.-. 

LAND AND MARINE SURVEYINQ. 

In Rdetence 10 the Prepaialicm of Plans fin Road 
Rinm, Towns' Water Supplies; Doclis and Haib 



PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing iu Application to Purposes of Railway and Civil Engineering in 
the Consuuclion of Roads; with Mr. TaLFOsu's Rules for the same. By 
" "■ SiuHS, M, Inji. CE. Eighth Edition, with Law's Practicsl 

imeious Woodcuts 



AN OUTLINE OP THE METHOD OP CONDUCTING 

A TRIOONOMETRICAL SURVEY. 

For tbe Foimation of Geographical and Topographical Maps and Plans, Mili- 
utT Reconnaissuia, LEVELLING, Sic., <nth Uielul Ptobtcnu, Fonnulc, 
and Tables. By Ueut-General FnOHE, R.E. ronrth Edition, Revised and 
partly Re-writien by Majoi-Genera] Sic Chaiius Wasien, G.C.M.G., R.E. 
With 19 Flues and lis Woodcuts, royal Svo, doth .... 16/0 

TABLES OP TANQENTIAL ANGLES AND MULTIPLES 

FOR s&rriNa.ouT curves. 



From J to - 

Revised. With an Appendix on 
. Printed on jd Caidt, and 



HANDY GENERAL EARTH-WORK TAffi 

Giving the Conlenu tc Cubic Yards of Centre and Sir 

66 fed Chun ot 100 (bi Ch^n. ''BT"'rr1rWA'Ht 
On a Shea auHned In doib case . . 
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EARTHWORK TABLE5. 

Showing the Contents in Cubic Yards of Embankments, Cuttings, ftc, of 

Heights or Depths up to an averi^e of 80 feet. By Josbph Broadbbnt, C.E., 

and Francis Campin, C.E. Crown 8vo, cloth 0/0 

" The way in which accuracy is attained, by a simple division of each cross section into three 
elements, two in which are constant and one variable, is inji^enious."— ^M«furMm. 

A MANUAL ON EARTHWORK. 

By Albx. J. Graham, C.E. With numerous Diagrams. Second Edition. 
i8mo, cloth 2/6 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS, 

A Practical and Theoretical Essay. By T. H. Watson Buck, M. Inst. C.E., 

Resident Engineer, L. and N. W. R. With Folding Plates, Svo, doth 1 2/0 

Many of the methods given are of extreme practical value to the mason, and the observe- 
10 



tions on the form of arch, the rules for ordering the stone, and the construction of the temi 
will be found of considerable use. We commend the boolc to the engineering prof 
BuiUUHfNews. 

" Will be regarded by civil engineers as of the utmost value, and calculated to ibv« much 
time and obviate many mistakes." — Colliery Guardian. 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Foundations. In 
Three Parts.— Theoretical, Practical, and Descriptive. By William Hombbr, 
A. M. Inst. C.E., and M. Inst. M.E. Third E#aition, revised^ and^ much^ im- 
proved, with Z15 Double Plates (20 of which now first appear in this edition), 
and numerous Additions to the Text. In 2 vols., imp. 4to, half-bound in 

morocco £6 16s. 60. 

" A very valuable contribution to the standard literature of civO engineering. In addition to 
elevations, plans, and sections, large scale details are given, which very much enhance the 
Instructive worth of those illustrations."— Crt^/ Engineer and Architecfs journal. 

"Mr. number's stately volumes, lately issued— in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Brunei, Sir W. Cuntt, 
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent 
engineers, are drawn and specified in great detail."— Engineer. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late Gborgb 
Watson Buck, M.I.CE. Fourth Edition, revised b]^ his Son, J. H. Watson 
Buck, M.I.CE. ; and with the addition of Description to Diagrams for 
Facilitating the Construction of Oblique Bridges, by W. H. Barlow, M.I.CE. 

Royal Svo, cloth 1 2/0 

" The standard text-book for all engineers r«:arding skew arches is Mr. Buck's tieatise, 
and it would be impossible to consult a hett9t."—Engtneer. 

" Mr. Buck's treatise is recognised as a standard text-book, and his treatment hat divested 
the subject of many of the faitricacies supposed to belong to it. As a guide to the eng i n e er and 
architect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed."— j^MOiMn^Ainvi. 

THE CONSTRUCTION OP OBLIQUE ARCHES 

(A Practical Treatise on). By John Hart. Third Edition, with Plates. 
Imperial Svo, cloth 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in Roofii Solid 
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. By R. Hudson Oraham, C.E. Containing 
Diag^rams and Plates to Scale. With numerous Examples, many taken firom 
existing^ Structures. Specially arranged for Class-work in Colleges and 
Universities.. Second Edition, Revised and Enlarged. Svo, cloth . 1 6/0 

" Mr. Graham's book will find a place wherever graphic and analytic statics are used or 
studied."— ^M^fwer. 

"The work is excellent from a practical pdint of view, and has evidently been pfepaved 
with much care. The directions for working are ample, and are illustrated by an abundance of 
well-selected examples. It is an excellent text-book for the practical draughtsman."— u<M«N«fMW. 



WEIGHTS OF WROUGHT IRON & STEEL QIRDER5. 

A Graphic Table for Facilitating the CompuUtion of the Weights of Wroo^t 
Iron and Steel Girders, &c., for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inst. CE. On a Sheet .... 2/6 
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PRACTICAL aeOMBTRY. 

Far the Atchiuct, Engineer, and Meclunic. Giving Rnla Tor tbs T>clIiiciliaD 
ud ApplicsIioQ of varioiu GeameDical Lino, EiEurcs, ud Cumi. By 
E. W.Takn, M.A., Aichilect. Bvo, cloth 910 

THE QEOMETRY OP C0JHPAS5BS. 

Or, Piohltms Resolvtd by the mere Description of Circles and the Uie o( 
Colouied DiagTuns and Symbols. By Olivei BniHS. Colouted Plalei. 
Crown avo, clJth . . . 3f8 

EXPERIMENTS ON THE FLEXURE OF BEAMS 

ResuliLng in ihe Discovtry of New Lawsof Failure l,y BucHing. By Alberi- 
E. Guv. Medium Sto, ololli. [Jw(P»t(i!Sjrl jV« 9/0 

HANDY BOOK FOR THE CALCULATION OP STRAINS 

la Girders and Similu Smicniiei and Iheii Suength. ConsistinE of Formnlc 
and Corresponding Disgrams, with numeroui dtlails for Practical Applica- 
tion, Ac. By William riuMaes, A. M. In.i. C.E., &c. Fifth Edition. 
Crown avo, oith nearly loo WoodcuU and j Plates, cloth . 7IB 

TRUSSES OF WOOD AND IRON. 

Praclicat Applications of Science in Determining the Stresses, Breaking 
Wuebti, Safe Loads, Scantlings, and Details of Construction. Wab Complete 

THE STRAINS ON STRUCTURES OF IRONWORK. 

Wth Practical Remarks on Iron Comtruction. By F. W. Shulds, M.I.C.E. 
Btd, dolb B'O 

A TREATISE ON THE STRENGTH OF MATERIALS. 



With Rules for Application bi Aichitectnre, the Con 
Bridges, RaDways, he. By Petek Barlow, F.R.S. 
by hb Sons P. W. Barlow, F.R.S,, and W. H. Barlow, F.R.S, 



idded, Eiperimenls by Hodgkinson, Fairbairh, and KriKALDv; ai 
inlc for calculating Girden, &c Anaoged and Edited by Wh. Huhbe 
n. iiJ.East. C.E. Demy Bvo, 400 pp., with iq latge Plates and numeroi 
Woodcuu, doth 18/ 

SAFE RAILWAY WORKING. 

ption of Modem Applii ' " ^ ^ ^ ^ 



CE. Wiib lllnitnticos ■ 
, Crown Bvo, cloth 






EXPANSION OP STRUCTURES BY HEA^ 

T, C,E„ late of It.e Indirni Public W 
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x6 CROSBY LOCKWOOD «« SON*S CATALOGUE. 
THE PROGRESS OP MODERN ENQINEERINQ. 

Complete in Four Volames, imperial 410, half-morooco, price £12 12t. 

Each volume sold separately, as follows : — 
FiKST Sexibs, Comprising Civil, Mechanical, Marine, Hydraolic, Raflwmy, 
Bridge, and other Engmeering ^ Works, &c. By William Humbbk, 
A. M. Inst. C.E.,&c Imp. 4to, with 36 Double Plates, drawn to a large scale. 
Photographic Portrait of Jonn Hawlcshaw, C.E., F.K.S., &c, and copious 
descriptive Letterpress, Specifications, &c. Half-morooco . . £8 3t. 

List of the Plates and Diagrams. 

Victoria Station and roof, L. b. & S. c R. (B platbs) ; Southport pirk 
(a PLATES) ; Victoria Station and Roof, l. C & d. and g. w. r. (6 plates) ; Roof 

OF CREMORNE music HALL; BRIDGE OVER G. N. RAILWAY; ROOF OF STATION, 
DUTCH RHENISH RAIL, (a PLATBS); BRIDGE OVER THE THAMES. WEST LONDON 

EXTENSION Railway (5 plates); Armour plates; Suspension bridge, Thames 
(4 PLATES); THE Allen Engine; Suspension Bridge, Avon (3 plates); Under- 
GROUND Railway (3 plates). 

HUMBER'S MODERN ENQINEERINQ. 

Second Series. Imp. 4to, with 3 Double Plates, Photographic Portnut of 
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter* 
press, Speafications, &c Half-morocco £3 3t» 

List of the Plates and Diagrams. 

Birkenhead Docks, Low Water basin (15 plates) ; Charing Cross station 
Roof, C. C. railway (3 plates); Digswell Viaduct, Great northern Railway; 
Robbery Wood Viaduct, Great Northern Railway; Iron Permanent Way; 
Clydach Viaduct, mbrthyr, Tredegar, and Abergavenny Railway; Ebbw 
Viaduct, Merthyr, Tredegar, and Abergavenny Railway; College Wood 
Viaduct, Cornwall Railway; Dublin Winter Palace roof (3 plates); Bridge 
over the Thames, L. C & d. Railway (6 plates); Albert Harbour, Greenock 

(4 PLATES). 

HUMBER'S MODERN ENQINEERINQ. 

Third Series. Imp. 4to, with 40 Double Plates, Photo^praphic Portrait of 
J. R. M'Clean. late Pres. InsL C.E., and copious descriptive Letterpress, 
Specificarions, &c. Half-morocco ....... ^^ 3s. 

List of the Plates and Diagrams. 

Main Drainage, Metropolis.— iv^rt* 5^.— Map showing interception of 
Sewers ; Middle Level Sewer (9 plates) ; Outfall Sewer. Bridge over River 
Lea (3 PLATES) ; Outfall Sewer, bridge over marsh lane, north Woolwich 
Railway, and Bow and Barking Railway Junction ; Outfall Sewer. Bridge over 
Bow and Barking Railway (3 plates) ; Outfall Sewer, Bridge over East London 
Water- WORKS' Feeder (a plates) ; Outfall sewer Reservoir (a plates) ; Outfall 
Sewer, Tumbling Bay and Outlet ; Outfall Sewer, penstocks. SouOi SUU.^ 
Outfall Sewer, bermondsey Branch (a plates) ; Outfall Sewer, Reservoir and 
Outlet (4 plates) ; Outfall Sewer, Filth Hoist ; Sections of sewers north and 
South sides). 

Thames Embankment.— Section of River Wall; Steamboat Pier, West- 
minster (a plates); Landing Stairs between charing cross and Waterloo 
bridges : York gate (a plates) ; overflow and outlet at savoy street Sbwbr 
(a plates); Steamboat Pier. Waterloo Bridge (3 plates) ; Junction of Sewers, 
PLANS and Sections; Gullies, Plans and Sections; Rolling Stock; Granitb 
and iron forts. 



HUMBER'S MODERN ENQINEERINQ. 

Fourth Series. Imp. 4to, with 36 Double Plates, Phot(«raphic Portrait of 
John Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Sped- 
ncations, &c Half-morocco £3 3«. 

List of the Plates and Diagrams. 

Abbey Mills pumping Station, main drainage. Metropolis (4 plates); 
Barrow Docks (5 plates) ; manquis Viaduct, Santiago and Valparaiso railway. 

(a PLATES) ; ADAM'S LOCOMOTIVE, ST. HELEN'S CANAL RAILWAY (a PLATES) ; CANNON 

Street station roof. Charing Cross Railway (3 plates); Road Bridge over 
THE River moka <a plates) ; telegraphic Apparatus for Mesopotamia ; viaduct 
OVER THE River wye. Midland Railway (3 plates); St. Germans Viaduct, 
Cornwall Railway (a plates); wrought-iron cylimdbr for Diving bell; 
Millwau. Docks le plates) ; Milroy s patent excavator ; metropolitan Dis> 
trict Railway <« plates) ; harbours, ports, and breakwaters u plates). 
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MARINE ENGINEERING, SHIPBUILDING. 
NAVIGATION, ETC. 



THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET-BOOK of FonKobB, Ru]a,iuKl Tabid, and Huinc En^necc'i and 
SuTTcvu'i Hutdy Book oT Reference. By Cleheht Mackiow, M.l.N.A. 
— -L.i. T^j-.-.- ,..11.. .....T..1 __ . »_-.. j_ Few)., lealber. 






ompelcncyp ContaiDinff 

, ,._, , Bnd Coirecl Solution!; 

> Queidnns with llluslialed Aiuweii, and Verbal QuutionB 
complete Set of DtawiDgs with Statements tsmpieted. Bt 
.C.E,,ConsuliingEnginf«,andE. W. I.Wakh«n,M.1.M.E., 
si Cbai Marine Engineer, lllnsCEated willi nni 
■■ ■ - ■ - '•- WgeJ. 5oopBg«. Lf 
Uuil Puiiiiii 

Id m conUdet il i Wlu'a^bsf t iJxui^" j^iinJ^^^i^-^^L. 

WANNAN'S MARINE ENQINEER'S POCKET-BOOK. 

Conlaining Latest Boaid of Ttada Rulu and Dau For Msj 

By A. C. WiMNiK, Third Edition, Reviwd, Enlarged, and Brought 1 

Dale, Square iSnu, with thumb Index. leather. [/ul PKilijJudi 




i8 CROSBY LOCKWOOD «• SOITS CATALOGUE. 
SEA TERM5, PHRA5E5. AND WORDS 

(Teduiical Dirtionwy oO vnd ia die Kngliiih and Fkvach haamMgtg 
^nriish-Frendi^ Frendi-toglishX^ For the Use of &f men, Enranecn, Pilots, 



Shipbiulder& Shipowners, and Ship-brokers. Compiled by W. Pisub, late of 

the African Steamship Company. Fc^>. Svo, doth limp . S/Q 

"Tlih volnme «ffl bs Ustjjr i| > | > w m: ta i» >l bjr sauneD, aneliieen. pOols. fhipturifctaw and ship- 
It «fll bs foand . - 



** A wy nssAiI dktioiMMy. which has loor been wanted by Fnnch aad EagHt 
n. ofican and oQMn.''—SM4f!^^t^g' W^rUL 

ELECTRIC SHIP-LIOHTINQ. 

A Handbook on the Practical Fitting and Rnnninc of Shi^' Electrical Plant, 
for the Use of Shipowners and Bniraers, Marine Electricians and Sea-going 
Engineers in Charge. Bv T. W. Ukquhakt, Author of "Electric light, 
"Dynamo Construction, &c. Second Edition, Revised and Extended. 
With numerous Illustrations. Crown 8vo, cloth 7/8 

MARINE ENGINEER'S POCKET-BOOK. 

Conasting of useful Tables and Formube. By Fkank Pr()CTOK, A.I.N.A. 
Third Edition. Royal aamo, leather. ....!.. 4/0 



** We recoanmend it to oar raaden as {oing frr to mpphr a long-falt waaL"— ^Mm8/Setf(lMef. 



A most nsefial rompaainB to all maiine 

ELEMENTARY MARINE ENQINEERINQ. 

A Manual for Young Marine Engineers and Apprentices.^ In the Form of 
Questions and Answers on Metals, Alloys, Strength of Materials, Construction 
and Management of Marine Engines and Boilers, Geometry, &c With 
an AppencOz of Useful Tables. By J. S. Brbwkr. Crown Svo, c1<^ 1/6 

** Contain! much Tahiable infonnation for the class for wliom it is intended, especiaUy in the 
chapters on the management (tf bojlers and engines."— A!smAu»/ Magaaiiu, 

MARINE ENGINES AND 5TEAM VE55EL5. 

A Treatise on. By Robbkt Mukkat, CE. Eighth Edition, thoroughly 
Revised, with considerable Additions by the Author and by Gborgb 
Carlislb, C.E., Senior Surveyor to the Board of Trade at Liverpool. Crown 
Svo, cloth 4/6 

PRACTICAL NAVIQATION. 

Consisting of Thb Sailor's Sba-Book, bv Jamss Grbbnwood and W. H. 
ROSSBR ; together with the requisite Mathematical and Nautical Tables for 
the Working of the Problems, by Hbnrt Law, CE., and Professor J. R. 
Young. Illustrated, xamo, strongly half-bound ..... 7/0 

THE ART AND 5CIENCE OP SAILMAKINQ. 

Bv Samubl B. Sadlbr, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and La^thome, of Cowes and GosporL With Plates and 
other Illustrations. Small 4to, doth 1 2/6 

"This extfemely pnctica! work gives a complete education in aD the branches of the maan. 
Ikcturi, cutting out, roping, seaming, and goring. It b copiously illustrated, and will form a first* 
sate text-book and guide.''--/>9r<rOTM«A fimes. 

CHAIN CABLES AND CHAINS. 

Comprising Sixes and Curves of Links, Studs, &c., Iron for Cables and Chains, 
Chain Cable and Chain Making, Forming and Welding Links, Strength of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historiosl Notes, Acts of Parliament, Statutonr Tests, 
Charges for Testmg, List of Manufacturers of Cables. &c, &c Bv 
Thomas W. Traill, F.E.R.N., M.Inst.CE., Engineer-Surveyor-in-Chief, 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 
and General Superutendent Lloyd's Committee on Proving Establishments. 
With numerous Tables, Illustrations, and Lithographic Drawings. Folio, 

cloth, bevelled boards £2 2b. 

** It contains a vast am loat of vataableittlbtaiatloa. Nothing seems to be wanting to make It 
a complete and standard wjrk of lefaieoce on the sabject."— JVisMafoi/ Mmganiu, 
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MINING, METALLURGY, AND 
COLLIERY WORKING. 



MACHINERY FOR METALLIPEROUS MINES. 

luigistj, bid Managen of 






THE DEEP LEVEL MINES OP THE RAND, 

., Consn 
gfLondf 



fjotanneil^), M.N.EJ.M.E.™ 
and Finance Coipocalion, I^., ef L( 



And theit Future Developmeni, consLdered from ibe CoDimsrciaJ Pdnl of View. 
By G. A. Dbnnv (of J06 ■ -■ ••••'-■••'- -- ■■ - - 



and Johannesburg. Fully Illustrated with Diagcai 



Q, buckAm, 






l'^^!*^?^ 4i."^:-7l'::'y_5^'^'!.! 






Ally Drawn 
(Mt P. 



THE METALLUROV OP COLD. 

A Piactical Tmlise on Ihe MeCalluigifal Tnument of Gold-beaiiag Orei. 
IndudJi^ the Asaying, Melting, and Refining of Gold. By M. Eissleb, 
M. IhsiTh.M. Fifth Edition, Enlarged. WiiE over 300 llluslraiiona and 
numeroiuFoldlDgPlueg. Medium Svo, doth. IJusI Pubiiskld. jV<f21/0 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

And lis Piaetical Application on the Witwalenrand Gold Fields and. 



Application on the Witwalenrand Gold Fields and elsewhtn. 
M. Insi. M.M. With Diagrftma and Working Drawings, 
eviud and Enlarged. in.dhtblJusiPulIMii/. Nil7IB 



ennctton dgitli Ima iSllDgtr—JHiUit 7o 

DIAMOND DRILLING FOR QOLD & OTHER MINEI 

A Practical Handbook on the Use of Modern DiMimnd Cote DrOU ; 
specling and Erploiling Mineral-Bearina ProiKHies, including RutiB 
IheCostsof Apparatus and Working. By G. A. Ueknv, M.H.E.Id^ 






Medium Sim, 168 pp., with lllusuative Diagu 



mppjTine 
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FIELD TESTING FOR QOLD AND SILVER. 

A Practical Manual for Prospectors and Miners. By W. H. Mbrritt, 
M.N.E. Inst. M.E., A.R.S.M., &c. With Photographic Plates and other 
Illustrations. Fcap. 8vo, leather. ^et 0/0 

" As an instructor of prospectors' classes Mr. Merritt has the advantasre of knowing 
exactly the information likely to be most Talaable to the miner in the field. The contents cover 
all the details of sampling- and testing^ gold and silver ores. A useful addition to a prospector's 
kit."— A/tniH^ yournaL 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal-Bearing or other 

Valuable Minerals. By J. W. Andbrscn, M.A. (Camb.), F.R.G.S. Ninth 

Edition. Small crown 8vo, 3/6 cloth ; or, leather .... 4/6 

" Will supply a much-feh want, especiallv among Colonists, in whose way are so often throwm 

many mineralogtcal specimens the value of which it is difficult to determine."— ^Min'^xw* 

" How to find commercial mbierals, and how to identily them when they are found, are the 
leading points to which attention is directed. The author has managed to pace as much practical 
detail into his pages as would supply material for a book three times Its ^Axt. —iHning ycumoL 

THE METALLURGY OF SILVER. 

A Practical Treatise on the Amalgamation, Roasting^, and Lixiviation of Silver 
Ores. Including the Assaying, Melting, and Refinmg of Silver Bullion. By 
M. EissLER, M. Inst. M M. Third Edition. Crown 8vo, doth . 10/6 

'* A practical treatise, and a technical work which we are convinced will supply a lone-felt 
want amongst practical men, and at the same time be of value to students and others indirectly 
connected with the industries."— Af<M(»e youmal. 

" From first to laait the book is thoroughly sound and nMuAAn."— Colliery GuanUan. 

THE HYDRO-METALLURQY OF COPPER. 

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat- 
ment of Cupriferous Ores, Including the Manufactiu-e of Copper Vitriol, with 
Chapters on the Sources of Supply of Copper and the Roasting of Copper Ores. 
By M. EissLER, M. Inst. M.M. 8vo, cloth. [/usi Published. JVeit^JS 
" In this volume the various processes for the extraction of copper by wet methods are fully 
detailed. . . . Costs are given when available, and a great deal of usenil informatisn about the 
copper industiy of the world is presented in an interesting and attractive manner. . . . Avery 
welcome addition to the littrature of copper."— Mining journal. 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modem Smelting Furnaces and Plants in Europe and America. 
By M. EissLBR, M. Inst. M.M., Author of "The Metallurgy of Gold," &c 
Crown 8vo, 400 pp., with 183 Illustrations, cloth 1 2/6 

" The numerous metallurgical processes, which are fully and extensively treated of, embrace 
all the stages experienced in the passage of the lead from the various natural states to its issue firoBi 
the refinery as an article of commerce. — Practical Engineer. 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Davies, F.G.S. Sixth Edition, thoroughly Revised and much 
Enlarged hy his Son, E. Hbnry Davies, M.E., F.G.S. 600 pp., with 173 
Illustrations. Large crown Bvo, cloth Net *! 2/6 

'* Neither the practical miner nor the general reader, biterested in mines, can have a better 
book for his companion and his guide."— Af<Mt»^ youmal, 

'* As a history of the present state of mining throug^hout the world this book has a real value, 
and it supplies an actual wvaV—AtkenaufH. 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davies, F.G.S., Author of " Metalliferous Minerals," &c Third 
Edition, Revised and Enlarged hy his Son, E. Henry Davies, M.E., F.G.S. 
With about 100 Illustrations. Crown Svo, cloth 1 2/6 

" We do not remember to have met with any English worit on mining matteis that conuins 
he same amount of information packed in equally convenient iotm."— Academy. 

BRITISH MINING. 

A Treatise on the Hbtory, Discovery, Practical Development, and Future 
Prospects of Metalliferous Mines in the United Kingdom. By Robert 
Hunt, F.R.S., late Keeper of Mining Records. UpiH^irds of 950 pp., with 
330 Illustrati(»s. Second Edition, Revised. Super<royal 8vcs doth iS2 2s» 
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POCKET-BOOK FOR MINER5 AND METALLURai5T5. 

Omiprising Roles, Formuls, Tables, and Notes for Use in Field and Office 

Work. By F. Danvbrs Powbr, F.G.S., M.E. Second Edition, Corrected. 

Fcap. 8vo, leather 9/0 

" This excellent book It an admiiable example of its Idnd. and oafftit to find a laige sale 
amongst English-speaking prospectors and mining engineers."— Snjj-i/ueriMg. 

THE MINER'5 HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 
Operations, Ore Dressing, &c. For the Use of Students and others interested 
in Mining Matters. Compiled by John Milne, F.R.S., Professor of Mining 
in the Imperial University of Japan. Third Eldition. Fcap. 8vo, leather T/6 

"Professor Milne's handbook is sure to be received with favour by all connected with 
mining, and will be extremely popular among students."— ^/A«»«Mm. 

IRON 0RE5 of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kendall, F.G.S., Mining Engineer. Crown 8vo, cloth . . 1 6/0 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pumping Machinery. By Stephen Michbll. Second Edition, Re- written 
and Enlarged. With 350 Illustrations. Royal 8vo, cloth. ^ei 25/0 

HORIZONTAL PUMPING ENGINES.— ROTARY AND NON-ROTARY HORIZONTAL 

Engines.— Simple AND Compound STEAM Pumps.— VERTICAL PUMPING ENGINES.— 
Rotary and Non-Rotary Vertical Engines.— Simple and Compound steam 
PUMPS. —Triple-Expansion stbam Pumps. —Pulsating Steam pumps. — Pump 
Valves.— Sinking Pumps, &c., &c. 

" This volume contains an immense amount of important and interesting new matter. 
The book should undoubtedly prove of g^reat use to all who wish for information on the sub- 
jtct."—TJu Engiiuer, 

ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, M.Inst.C.E., M I.M.E., M.I.E.E., la'e Professor of 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., A.M.I.M.E., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University; and Herbert Perkin, M.I.M.E., Certified Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Medium 8vo, cloth. 

[Just Published, Net 9/0 
(For Summary of Contents, see page 23.) 

THE COLLIERY MANAOER'5 HANDBOOK. 

A Comprehensive Treatise on the Laying-out and Working of Collieries. 
Designed as a Book of Reference for Colliery Managers, and for ue Use of Coal 
Mining Students preparing for First-class Certificates. Bv Caleb Pambly, 
Mining Engineer and Surveyor ; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Institute 
of Mining Engineers. With 700 Plans, Diagrams, and other Illustrations. 
Foturth Edition, Revised and Enlarged. 964 pp. Medium 8vo, cloth £1 6s. 

Geology search for Coal.— Mineral Leases and other Holdings.— 

Shaft Sinking.— Fitting Up the Shaft and Surface arrangements.— Steam 
Boilers and their Fittings.— Timbering and Walling.- Narrow work and 
Methods of working. — Underground Conveyance. - Drainage.— The Gases 
MET with in Mines ; Ventilation. — on the Friction op air in Mines. — The 
PRiESTMAN Oil Engine ; Petroleum and Natural Gas. — Surveying and 

Planning Safety Lamps and Firedamp Detectors Sundry and incidental 

Operations and Appliances.— Colliery Explosions.— Miscellaneous Questions 

AND KV&^B.VtS.—ApHndix: SUMMARY OF REPORT OF H.M. COMMISSIONERS ON 

accidents in Mines. 

" Mr. Pamely's work is eminently suited to tlie purpose or which it is intended, being clear, 
Intefesting, ezliaustive, rich in detail, and up to date, givingf descriptions of the latest macniim to 
erery department. A mining engineer could scarcely go wrong who followed this work."— ^«0^' — 
Guardian. 

" Mr. Pamely has not only given us a comprehensive reference book of a very hir° 
stdtable to the requirements of mming engineers and colliery managers, but has aI<M 
mining students with a class-book that is as mteresting as it is instructive."— C«//<r>7 Mat 

"This b the most complete 'all-round work on coal-mining published in tta 
language. ... No library of coal-mining books is complete without Vl"— Colliery 
(Scnmtott, Pa.. U.S.A.). 
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COLLIERY WORKING AND MANAGEMENT. 

Comprising the Duties of a Colliery Manager, the Oversight and Arrange- 
ment of Labour and Wages, and the, different Sirstems of Working Coal 
Seams. By H. F. Bulman and R. A. S. Rbdmatnb. 350 pp., with 
28 Plates and other Illustrations, including Underground Photographs. 
Medium 8vo, cloth. 1 6/0 

" This is, indeed, an admirable Handboolc for Colliery ManagerB, in £act it is an indiroensable 
adjunct to a Colliery Manager's education, as well as beings a most useful and interestmgr work 
on the subject for all who in any way have to do with coal mining. The underground photographs 
are an attractive feature of the work, being very lifelike and necessarily true representations of the 
scenes they Ati^t."—CoUiery Guardian. 

" Mr. Bulman and Mr. Redmayne, who are both experienced Colliery Managers of great 
Htcrary ability, are to be congratulated on having supplied an authoritative work dealing with a side 
of the subject of coal minmg which has hitherto received but scant treatment. The authors 
elucidate their text by no woodcuts and 28 plates, most of the latter being admirable reproductions 
of photographs taken underground with the aid of the magnesiiui flash-light. These ukistrations 
are exceuent."— iVa/Mre. 

COAL AND COAL MININQ. 

By the late Sir Warington W. Smyth, M.A., F.R.S., Chief Inspector of the 
Mines of the Crown and of the Duchy of Cornwall. Eighth Edition, Revised 
and Extended by T. Forster Brown, Mining and Civil Engineer, Chief 
Inq>ector of the Mines of the Crown and of the Duchy of Cornwall. Crown 

Svo, cloth. 3/6 

" As an outline is given of eveiy known coal-field in this and other countries, as well as of the 
principal methods of working, the book will doubtless interest a very large number of readers."— 
Mining journal. 

N0TB5 AND FORMULi45 FOR MININQ 5TUDENT5. 

By ToHN Herman Mbrivalb. M.A., Late Professor of Mining in the Durham 

College of Science, Newcastle-upon-Tjme. Fourth Edition, Revised and 

Enlarged. By H. F. Bulman, A.M.Inst.C.E. Small crown Svo, cloth. 2/6 

* The author has done his work in a creditable manner, and has produced a book that ww 

be of service to students and those who are practically engaged in mining operations"— Sn£iH€€r. 

INFLAMMABLE OAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of). By Frank Clowes, I3.Sc., Lond., 
F.I.C. With a Chapter on The Detection and Measurement op Petro- 
leum Vapour by Bovbrton Redwood, F.R.S.E., Consulting Adviser to the 
Corporation of London under the Petroleum Acts. Crown 8vo. cloth. Ntt 6/0 
" Pronssor Clowes has given us a volume on a subject of much industrial importance . . . 
Those interested in these matters may be recommended to study this book, which is easy of compre- 
hension and contains many good things."— 77« Engineer. 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and of the Principal Seams of 
Coal^ with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pie Iron Manufacture. By Richard Meade. Svo, cloth . £1 8s. 

" Orthis book we may unreservedly say that it is the best of its class which we have ever 

met. ... A book of reference which no one engaged in the iron or coal trades ^ould omit from 

his library."— /row and CotU Trades Review. 

A5BE5T05 AND A5BE5TIC. 

Their Properties, Occurrence, and Use. By Robert H. Jones, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations. Demy Svo, cloth. . 1 6/0 
" An interesting and invaluable work,"— Colliery Guardian. 

GRANITES AND OUR GRANITE INDUSTRIES. 

By George F. Harris, F.G.S. With Illustrations. Crown Svo, cloth 2/6 

TRAVERSE TABLES. 

For use in Mine Sunreying. By William Limtbrm, C.E. With two plates. 
Small crown Svo, cloth. [Just Publuhed, Net 3/0 
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ELECTRICITY, ELECTRICAL 
ENGINEERING, ETC. 



THE ELEMENTS OF ELECTRICAL ENQINEERINQ. 

A. First Year's Course for Students. By TvsoN Sbwbll, AI.E.E., Assistant 
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic, 
Regent Street, London. With upwards of 200 Illustrations. Demy 8vo, 
cloth. [Just Published. Net 7 IB 

Ohm's Law.— Units Employed in Electrical Engineering.— Series and 
Parallel Circuits ; Current Density and Potential drop in the Circuit.— 
The Heating Effect of the electric current.— The Magnetic Effect of an 
electric Current.— The magnetisation of Iron.— Electro-Chemistry; Primary 

BATTBRIES.—ACCUMULATORS.— indicating INSTRUMENTS; AMMETERS, VOLTMETERS, 
OHMMETERS.— ELECTRICITY SUPPLY METERS.— MEASURING INSTRUMENTS, AND THE 
MEASUREMENT OF ELECTRICAL RESISTANCE. — MEASUREMENT OF POTENTIAL DiP. 

FERENCE, Capacity, Current strength, and Permeability.— arc Lamps.— Incan- 
descent LAMPS; Manufacture and Installation; Photometry. — The Con- 
tinuous Current Dynamo.— Direct Current motors. 

"An excellent treatise for students of the elementary facts connected with electrical 
engineering."- rA* Electrician. 

" Distinctly one of the best books for those commencing the study of electrical engineering. 
Ever^hing is explained in simple language which evenabegmner cannot fail to understand."— TAe 
Engineer. 

" One welcomes this book, which is sound in its treatment, and admirably calculated to give 
students the knowledge and information they most require."— Aa^Mr^. 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Materials and Manufacture, The Calculation of Circuits, Pole-Line 
Construction, Underground Working, and other Uses. By F. A. C. Pbhrinb, 
A.M , p.Sc. ; formerly Professor of Electrical Engineering, Leland Stanford, 
Jr., University ; Member American Institute Electrical Engineers. Demy 
8 vo, cloth. \Jusi Published. Net 201 " 

Conductor materials— Alloyed conductors— Manufacture of wire— 
Wire-Finishing— Wire Insulation— Cables— Calculation of Circuits— Kelvin's 
Law OF Economy in Conductors— Multiple Arc Distribution— alternating 
Current Calculation— overhead Lines— Pole line— Line Insulators— Under. 

GROUND conductors. 

ARiVIATURB WINDINGS OF DIRECT CURRENT 

DYNAMOS. 

Extensicm and App'.ication of a General Winding Rule. By E. Arnold, 
Engineer. A.ssistant Professor in Electrotechnics and Machine Design at the 
Riga Polytechnic School. Translated from the Original German by Francis 

B. Db Grbss, M.E , Chief of Testing Department, Crodcer-Wheeler Com- 
pany. With Z46 IIlustratioQs. Medium 8vo, cloth. 

[Just Publishsd, j^et12h 

ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, M InstC.E., M.LM.E., M.LE.E., late Professor of 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.LE.E., A M.LM.E., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, York^ire College, Victoria 
University; and Herbert Pbrkin, M.LM.E. Certificated Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Medium 8vo, cloth. 

[Just Published. Net 9/- 

Introductory. — Dynamic Electricity. — Driving of the dynamo. — The 
Steam Turbine.— Distribution of Electrical Energy.— Starting and Stopping 
Electrical Generators and Motors.— Eleciric Cables.— Central Electrical 
Plants.— Electricity applied to pumping and Hauling.— Electricity applied 
to Coal-Cutting.— Typical Electric plants Recently erected. — Electric 
Lighting by Arc and Glow Lamps— Miscellaneous Applications of Electricity 
—Electricity as Compared with other modbs of Transmitting power.— 
Dangers of ELEcmicrry. 
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DYNAMO ELECTRIC MACHINERY: its CONSTRUC- 
TION. DBSION, and OPBRATION. 

By Samuel Sheldon, A M.j Ph.D , Profefisor of Physics and Electrical 
Engineering at the Polytechnic Institute of Brooklyn, assisted by Hobart 
Mason, B S 

In two volumes, sold separately, as follows : — 
Vol. I.— DIRECT CURRENT M\CHINES Toird Edition, Revised. Large 
crovim 8vo. 280 pages, with 200 Illustrati ^ns. 

[Just Published. Net 12/0 

VoL II.— ALTERNATING CURRENT MACHINES. Large crown 8vo. 260 

pages, with 184 Illu<;trations. {Just Published, Net 1 S2/0 

Desif^ied as Text-books for use in Technical Educational Institutions, and by EninQ^cs 
whose work includes the handling of Direct and Alternating Current Machines respectively, and 
for Students proficient in mathematics. 

ELECTRICAL AND MAGNETIC CALCULATIONS. 

For the Use of Electrical Engineers and Artisans, Teachers, Students, and all 
others interested in the Theory and Application of Electricity and Magnetism. 
By A. A. Atkinson, Professor of Electricity in Ohio University. • Crown 8vo, 
cloth. [Just Published. Net 9/0 

"To teachers and those who already possess a f;ur knowledge of their subject we can recom- 
mend this book as beinf;^ useful to consult when requiring data or formulae which it is neither con* 
venieut nor necessary to retain by memory."— The EUctrician. 

HANDBOOK FOR THE USE OF ELECTRICIANS 

In the Operation and Care of Electrical Machinery and Apparatus of the U. S. 
Sea-coast Defences. By Geo. L. Anderson, A.M., Captain U. S. Artillery. 
Prepared under the direction of the Lieatenant*Geieral Commanding the 
Army. Royal 8vo, cloth {Just Published. Net 21/0 

SUBMARINE TELEGRAPHS. 

Their History, Construction, and Working. Founded in part on WCnschkn- 
dorff's " Traits de T6l6graphie Sous-Marine," and Compiled from Authorita- 
tive and Exclusive Sources. By Charles Bright, F.R.S.E., A.M.Inst.C.E., 
M.I.E.E. 780 pp., fully Illustrated, including Maps and Folding Plates. 
Royal 8vo, cloth. Net £3 3s, 

" There are few, if any, persons more fitted to write a treatise on submarine telegraphy than 
Mr. Charles Bright. He has done his work admirably, and has written in a way which will 
appeal as much to the layman as to the engineer. This admirable volume must, for many years to 
come, hold the position of the English classic on submarine telegraphy."— Engineer. 

" This book is full of information. It makes a book of reference which should be in every 
engineer's library."— A'ix/ttr^. 

" Mr. Bright's interestingly written and admirably illustrated book will meet idth a wek»me 
reception from cable mesx,"— Electrician. 

" The author deals with his subject from all points of view-apolitical and stratqtlcal as wdl as 
scientific. The work will be of interest, not only to men of science, but to the general public We 
can strongly recommend \!L''—Athenautn. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK. 

Consisting of Modem Rules, Formulae, Tables, and Data. By H. R. Kempb, 
M.I.E.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Author of 
" A Handbook of Electrical Testing," &c Second Edition, thoroughly 
Revised, with Additions. With numerous Illustrations. Royal aamo, oblong, 
leather . 6/0 

" It is the best book of Its )KinA."—BUctrical Engineer. 

" The Electrical Engineer's Pocket-Book is a good one."—EUciriciaM. 

" Strongly recommended to those engaged la the electrical industries."— f/lr^iMca/ Review, 

POWER TRANSMITTED BY ELECTRICITY. 

And applied by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson. A.M., Ph.D. Third Edition, Fully Revised, and New 
Matter added. With 94 Illustrations. Crown 8vo, cloth . . Net 9/0 

DYNAMIC ELECTRICITY AND MAGNETISM. 

Bv Philip Atkinson, A.M., Ph.D., Author of "Elements of Static 
Electricity," &c. Crown 8vo, 4x7 pp., with zao Illustratioos, doth . 10/6 
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THE MANAQEMENT OF DYNAMOS. 

A Handy book of Theory and Practice for the Use of Mechanics, Engineers, 

Students, and others in Charge of Dynamos. By G. W. Lummis-Paterson. 

Third Edition, Revised. Crown 8vo, cloth. {/ws^ Publishsd. 4/6 

" An example which deserves to be taken as a model by other authors. The subject is treated 

In a manner which any inteUigent man who is fit to be entrusted with charsfe of an engine should 

be able to understand. It is a uaefiil book to ail who make, tend, or empl^ electxic machinery." 

— /f rr/Mtet. 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electrical 

Engineering. Containing upwards of 3,000 definitions, By T. O'Conor 

Sloans, A.M., Ph.D. Third Edition, with Appendix. Crown 8vo, 6qo pp., 

^Qo Illustrations, cloth. [Just Publisksd. Net 7 IS 

" The work has many attractive features in it, and Is, beyond doubt, a well put together and 

useful publication. The amount of ground covered may be gathered from the fact that in the index 

about 5,000 references will be fousiAT'—EltctriceU Review. 

ELECTRIC LIGHT FITTINQ. 

A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation Management. By J. W. Urquhart, Electrician, Author of 
''Electric Light," &c. With numerotis Illustrations. Third Edition, Revised, 

with Additions Crown 8vo, cloth 6/0 

" This volume deals with the mechanics ot electric lighting, and is addressed to men who 
are already engaged in the work, or are training for it. The work traverses a great deal of ground, 
and mav be read as a Mquel to the author's uiieful work on 'Electric Uscht.— Electrician. 

" The book is well worth the perusal of the workman, for whos it is written." — Electrical 
Review. 

ELECTRIC LIGHT. 

Its Production and Use, Embodjrin^ Plain Directions for the Treatment of 
Djmamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 
By J. W. Urquhart, C.E. Sixth Edition, Enlarged. Crown 8vo, cloth. 

7/6 

" The whole ground of electric lighting Is more or less covered and explained In a very clear 
and concise vaasmwi."— Electrical Review. 

" A vade-mecum of the salient facts connected with the idence of electric lighting."— 
Sleetrician, 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of En^neer-Constructors and Electricians* 

in-Charge. Embracing Framework Building, Field Magnet and Armature 

Winding and Grouping, Compounding, &c. By J. W. Urquhart. Second 

Eklition, Enlarged, with 114 Illustrations. Crown 8vo, cloth . . 7/6 

" Mr. Urquhart's book is the first one which deals with these matters hi such a way that the 

eoglneeiing student can understand them. The book is venr readable, and the author leads his 

rea-tois up to difficult subjects by reasonably rimple tests."— iffvi^MMrinir Reviiw. 



ELECTRIC SHIP-LIOHTINQ. 

A Handbook on the Practical Fitting^ and Running of Ships' Electrical Plant. 
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing 
Engineers-in-Charge. By T. W. Urquhart, C.£. Second Edition, Revised 
and Extended. With 88 Illustrations, Crown 8vc, cloth . . 7/6 

"The subject of ship electric lighting is one of vast importance and Mr. Urquhart Is to be 

highly complimented for placing such a valuable work at the service of marine electricians."— SHkc 

Steatnship. 

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbell Swinton, M.InstCE., M.I.E.E. Fourth Edition, 
Revised. With 16 Illustrations. Crown 8vo, cloth *! /6 

ELECTRIC LIGHT FOR COUNTRY H0U5E5. 

A Practical Handbook on the Erection and Running of Small Installations, 
with Particulars of the Cost of Plant and Working. By J. H. Knight. 
Third Edition, Revised. Crown 8vo, wrapper. [Just Publishsd. 1 /O 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateturs. Containing Illustrations and Detailed 
Instructions for Constructing a Small Dynamo to Produce the Electric Light. 
By Alprbd Crofts. Sixth Edition, Revised. Crown 8vo, cloth . 2/0 

THE STUDENT'5 TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAD, F.R.S. 650 pp., with 470 Illustrations. Crown 8vo, cloth. 

9/0 
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PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Students Preparing; for Bxaminations, and a Book of 
Reference for Persons Engazed in Buildin|;. By John Parnbll AllbN, 
Surveyor, Lecturer on Building Construction at tne Durham College ct 
Science, Newcastle-on-Tyne. Third Edition, Revised and Enlarged. 
Medium 8vo, 450 pp., with x,ooo Illustrations, cloth .... 7/6 
" The most complete exposition of building construction we hare seen. It contains all that is 
necessary to prepare students for the various examinations in building construction."— i^wtlMbv 

N€WS. 

" The author depends nearly as much on his diagrams as on his type. The pages suggest 
the hand of a man of experience m building operations— and the volume must be a olessing to 
many teachers as well as to students."— Tlt^ ArchiUct, 

" The work is sure to prove a formidable rival to great and small competitors alike, and 
bids fair to take a permanent place as a favourite student's text-book. The large number of iUus* 
trations deserve particular mention fur the great merit they possess for purposes of reference in 
exactly corresponding to convenient scales."— y^Mrvia/^/^tW Rt^allnstUuU ^ British ArchUeOs. 

PRACTICAL MA50NRY. 

A Guide to the Art of Stone Cutting. Comprising the Construction, Setting 
Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden* 
tives. Vaults, Tracery Windows, &c. For the Use of Students, Masons, 
and other Workmen. Bv William R. Purchase, Building Inspector to the 
Borough of Hove. Third Edition, with Glossary of Terms. Royal 8 vo, 142 pp., 
with 52 Lithographic Plates, comprising 400 separate Diagrams, cloth . 7/6 

" Mr. Purchase's * Practical Masonry ' will undoubtedly be found useful to all interested in 
this Important subject, whether theoretically or practically. Most of the examples given are from 
actual work carried out, the diagrams being carefully drawn. The book is a practical treatise on 
the subject, the author himself having commenced as an operative mason, and aifterwards acted as 
foreman mason on many large andunportant buildings prior to the attainment of his present 
position. It should be found of general utility to architectural students and others, as well as to 
those to whom it is specially addressed."— y(9MfVfa/ ^tfu Royal JnsHttUt ^British ArcMUcts. 

MODERN PLUMBING, 5TEAM AND HOT WATER 

HBATINQ. 

A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Builder. By J. J. Lawler, Author of " American Sanitary Plumbing," 
&c. With 284 Illustrations and Folding Plates. 4to, cloth Net 21/"" 

CONCRETE: IT5 NATURE AND U5E5. 

A Book for Architects, Builders, Contractors, and Clerks of Works. By 

Gborgb L. Sutcliffb, A.R.I. B.A. 350 pp., with Illustrations. Crown 

8vo, cloth 7/6 

" The author treats a difficult subject In a lucid manner. The manual fills a long-felt gap. 
It is careful and exhaustive ; equally useful as a student's guide and an architect^ book of 
reference."— ymrno/ o/tht RoytU InstittOe 0/ British Architects. 

LOCKWOOD'5 BUILDER'5 PRICE BOOK for 1903. 

A Comprehensive Handbook of the Latest Prices and Data for Builders. 
Architects, Engineers, and Contractors. Re-constructed, Re-written, ana 
Greatly Enlarged. By Francis T. W. Millbr. Boo closely-printed pages, 
crown Bvo, cloth 4/0 

" This book is a very useful one, and should find a place in every Winr«Tlh office connected 
with the building and engmeering professions."— /pu^KX/^'iM. 

" An excellent book of reference."— ^rtAitecf. 

" In its new and revised form this Price Book is what a work of this Und shook! be— compre* 
henslve. reliable, well atranged, legible, and well bound.''— i^rMCrA ArcAittcL 

DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir William Chambbrs, F.R.S. With Portrait, Illustrations, Notes, and 

an ElCAMINATION OF GrBCIAN AxCHITBCTDRB, by JOSBPH GWXLT, F.S.A. 

Revised and Edited by W. H. Lbbds. 66 Plates, 4to, doth . .21/0 
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THB MECHANICS OP ARCHITBCTURB. 

A Treatise on Applied Mechanics, esped^Iy Adapted to the Use of Architects. 
By E. W. Tarn, M.A., Author of ^ The Science of Buildmg," &c. Second 
Edition, Enlarged. Illustrated with 125 Diagrams. Crown 8vo, cloth 7/6 
" The book is a Tery useflil and helpful manual of architectund mechanics."— Awtf«fer. 

A HANDY BOOK OP VILLA ARCHITBCTURB. 

Being; a Series of Designs for Villa Residences in various Styles. With 
Outline Specifications and Estimates. By C. Wickbs, Architect, Author of 
*' The Spires and Towers of England," &c. 6z Plates, 410, half-morocco, gilt 

edges £1 11a. 6d. 

" The whele of the designs bear evidence of thdr beinsr the worlc of an aitisdc architect, and 
thejr will prore Teiy valuable and sasa[eSdvt,"—BHtUUn£^ News. 

THB ARCHITBCrS QUIDB. 

Being a Text-book of Useful Information for Architects, Engineers, Surveyors, 
Contractors, Clerks of Works, &c., &c By F. Rogers. Crown 8vo, cloth. 

3/6 

ARCHITECTURAL PER5PECTIVB. 

The whole Course and Operations of the Draughtsman in Drawing a Large 

House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O. 

Ferguson. Third Edition. 8vo, boards \Juii PublisJud. 3/6 

" It is the most inteOiglble of the treatises on this ill-treated subject that I have met with."— 
E. INGRESS BELL. ESQ.. m the R.LB.A. Journal, 

PRACTICAL RULB5 ON DRAWING. 

For the Operative Builder and Young Student in Architecture. By George 
Pynb. 14 Plates, 4to, boards 7/6 

MBASURINQ AND VALUING ARTIFICERS' WORK 

(The Student's Guide to the Practice oO. Containing Directions for takine 
Dimensions, Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for valuation of Labour, and for the Calculation of Areas 
and Solidities. Originally edited by E. Dobson, Architect. With Additions 
by E. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and 

63 Woodcuts. Crown 8vo, cloth 7/6 • 

" This edition will be found the most complete treatise on the principles of measuring^ and 
valuing: artificers' work that has yet been published."— ^w^IA^Apv' News, 

TECHNICAL QUIDB, MBASURBR, AND B5TIMAT0R. 

For Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Buildinc Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively. By A. C. Beaton. Ninth Edition. Wabtcoat-pocket size, 

gilt edges 1/6 

" No bttilder, architect, surveyor, or raluer should be without his ' Beaton.' "—BuUdlM£ News. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an E^ssay 
on the Structure and Science of Modem Building Upon the Basis of the 
Work by Alfrbd Bartholomew, thoroughly Revised, Corrected, and greatly 
added to by Frederick Rogers, Architect. Third Edition, Revised. 8vo, 

cloth 15/0 

" The work is too well known to need any recommendation firom us. It is one of the books 
with which eveiy younf architect must be equipped."— ^rcMKect. 

THB HOUSE-OWNER'S BSTIALVTOR. 

Or, What will it Cost to Build. Alter, or Repair? A Price Book or Un- 
professional People as well as the Architectural Surveyor and Builder. By 
J. D. Simon. Edited by F. T. W. Miller, A.R.I.B.A. Fifth Edition. 

Carefully Revised. Ckown 8vo, cloth Net 3/6 

" In two jrears it wOl repay its cost a hundred times o^nx.*''— Field. 
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SANITATION AND WATER SUPPLY. 



THE HEALTH OFFICER'5 POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Officers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edward 
F. WiLLOUGHBY, M.D. (Lond.)i &c. Second Edition, Revised and Enlareed. 
Fcap. 8vo, leather. [/usi Published. Net 1 0/6 

" It is a mine o^ condensed information of a pertinent and useful kind on the various subjects 
of which it treats. The different subjects are succinctly but fully and scientifically dealt with." — 
The Lattcet. 

•• We recommend all those engragid in practical sanitary work to furnish themselves with a 
copy for reference."— Sa«i/ary jfournal. 

THE BACTERIAL PURIFICATION OF SEWAGE: 

Being a Practical Account of the Various Modern Biological Methods of 
Purifying Sewage. By Sidney Barwisr, M.D. (Lond), D.P.H. (Camb.), 
etc. With lo Page Plates and 2 Folding Diagrams. Royal 8vo, cloth. 

Net 6/0 

THE PURIFICATION OF 5EWAQE. 

Being a Brief Account of the Scientific Principles of Sewage Purification, and 
their Practical Application. By Sidney Barwise, M.D. (Lond.), M.R.C.S., 
D.P.H. (Camb.), Fellow of the Sanitary Institute. Medical Officer of Health 
to the Derbyshire County Council. Crown 8vo, cloth 6/0 

WATER AND ITS PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Suopl^. B^ S. Rideal, D.Sc. Lond.,^ F.LC. Second 
Edition, Revised, with Additions, including numerous Illustrations and Tables. 
Large Crown 8vx>, cloth Net 9/0 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for Small Country Districts. By Allan Grbbnwbll, A.M.I. C.E., 
andW. T. Curry, A.M.I.C.E. Revised Edition. Crown 8vo, cloth 5/0 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humbbr, A.M. Inst. C.E., and M.Inst. M.E. Imp. 4to, half' 
bound morocco. (See page 11.) Air^ £6 6S. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATER-WORICS. 

By Professor W. K. Burton, A.M. Inst. C.E. Second Edition, Revised 
and Extended. Royal 8vo, cloth. (See page ic) .... £1 5«. 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Tomtus. By C. Slagg, A.M. Inst. C.£. 7/6 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charles Slagg, A. M. Inst. C.£. Crown 8vo, cloth . . . 3/0 

PLUMBING. 

A Text-book to the Practice of the Art or Craft of the Plumber. By W. P. 
BuCHAN. Ninth Edition, Enlarged, with 500 Illustrations. Crown Svo, 3/6 

VENTILATION. 

A Text-book to the Practice of the Art of Ventilating BnildinKS. By W. P. 
BuCHAN, R.P. Crown Svo, cloth 3/6 
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THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treatise on the Pressure and Equilibriam of Timber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c. To which is added an Essay on the Nature 
and Properties of Timber, &c., with Descriptions of the kinds of Wood used 
in Buildmg ; also numerous Tables of the Scantlings of Timber for different 
purposes, the Specific Gravities of Materials, &c. By Thomas Tredgold, C.E. 
with an Appendix of Specimens of Various Roofs of Iron and Stone, Illus- 
trated. Seventh Edition, thoroughly Revised and considerably Enlarged by 
E. Wyndham Tarn, M.A., Author of "The Science of Building," &c. 
With 61 Plates, Portrait of the Author, and several Woodcuts. In One large 

Vol., 4to, cloth £1 6s. 

" Ought to be In every architect's and every builder's library."— ^«i7rfw. 

"A work whose monumental excellence must commend it wherever skilful carpentry is 

concerned. The author's principles are rather confirmed than impaired by time. The additional 

plates are of great intrinsic v9lu^"—BMiUlin£- News. 

WOODWORKINQ MACHINERY. 

Its Rise, Progress, and Construction. With Hints on the Management of Saw 
Mills and the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American Engineers. ^ By 
M. Powis Bale, A.M.Inst.C.E., M.I.M.E. Second Edition, Revised, 
with large Additions, large crown 8vo, 440 pp., cloth .... 9/0 

" Mr. Bale is evidently an expert on the subject, and he has collected so much information 
that his book is all-sufficient for builders and others engaged in the conversion of timber. "—Architect. 

"The most comprehensive compendium of wood- working machinery we have seen. The 
author is a thorough master of his sabitCL"— Building News. 

SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion of 
Timber. By M. Powis Bale, A.M.Inst.C.E. Second Edition, Revised. 

Crown 8vo, cloth 1 0/6 

" The mdministratioH of a large sawing establishment is discussed, and the subject examined 
from a financial standpoint. Hence the size, shape, order, and disposition of saw mills and the like 
are gone into in detail, and the course of the timber is traced from its reception to its delivery in its 
converted state. We could not desire a more complete or practical treatise."— ^Mt/i^cr. 

THE CARPENTER'S GUIDE. 

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Caipentry. Founded on the late Peter 
Nicholson's standard work. A New Edition, Revised by Arthur Ashpitbl, 
F.S.A. Together with Practical Rules on Drawing, by George Pvne. 
With 74 Plates, 4to, cloth £1 1 «, 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointing-up^ and Squaring the Wreath. By George 
CoLLiNGS. Second Edition, Revised and Enlarged, to which is added 
A Treatise on Stair-building. With Plates and Diagrams. i2mo, cloth. 

2/6 

" Will be found of practical utility in the execution of this difficult branch oflKAaery."— Builder. 
" Ahnost every difficult phase of this somewhat intricate branch of Joinery is elucidated by 
the aid of plates and explanatory letterpress."— ^MrH*/wr« Gasette. 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. By 

Gborgb Collings. With Diagrams. Third Edition, zamo, cloth . 2/6 

" An excellent example of what a book of this Idnd should be. Cheap in price, clear in 
definition, and practical in the examples selected."— Builder. 

THE CABINET-MAKER'S QUIDE TO THE ENTIRE 

CONSTRUCTION OF CABINET WORK. 

By Richard Bitmbad. Illustrated with Plans, Sections and Working 
Draw'- - cloth 2/6 
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HANDRAILINQ COMPLBTB IN BIQHT LESSONS. 

On the Scjaare-Cut S^rstem. By T. S. Goldthoxp, Teacher of Geometry 
and Building Construction at the Ilidifax Mechanics' Institute. With Eight 
Plates and over 150 Practical Exercises. 4to, cloth .... 3/6 

" Likely to be of considenble value to Joineis and otihen who take a pride In good woric 
The anangtement of the book b excellent, we heaitily commend it to teachen and stndents."— 
Timber Trades yourttai, 

TIMBER MERCHANT'S and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure- 
ment of Deals and Battens, of all sizes, and other Useful Tables for the use of 
Timber Merchants and Builders. By William Dowsing. Fourth Edition, 
Revised and Corrected. Crown 8vo, cloth 3/0 

" We are glad to see a fourth edition of these admirable tables, wlilch for conractnem and 
simplicity of arrangement leave nothing to be desired. "— Timbtr Trades yaumaU 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the Timber Trade, 
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 

" This handy manual contains much valuable hiformation for the use of timber meichanti, 
builders, foresters, and all others connected with the growth, sale, and manufacture of timber."— 
youmal ^Forestry. 

PACKiNQ-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 

inches square and upwards. By W. Richardson, Timber Brdcer. Third 

Edition. Oblong 4to, cloth 3/6 

" Invaluable labour-saving tables."— /r»wm««^e*>'> 
" Will save much labour and calculation."— (/rtir^r. 

QUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from z to too inches in length by z to zo8 inches in breadth. 

Yat the use of Architects, Surveyors, Engineers, Timber Merchants, 

Builders, &c. By Jambs Hawkings. Fifth Edition. Fcap., cloth. 3/6 

" These tables will be found of irreat assistance to all who require to make calculations of 
superficial measurement."— /fn^/uA Mechanic. 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Charlks E. Curtis, 

F.S.I., Professor of Forestry, Field Engineering, and General Estitte 

Management, at the College of Agriculture, Downton. Second Editicm, 

Revised. Crown 8vo, cloth 3/6 

Prefatory Remarks. — Objects of Planting. — Choice of a Forester. — 
Choice of soil and Site.— Laying Out of Land for Plantations.— Preparation 
of the Ground for Planting.— Drainage.— Planting.— Distances and Distri- 
bution OF Trees in plantations.— trees and Ground Game.— attention after 
PLANTING.— Thinning of plantations — Pruning of Forest trees.- Realization. 
—Methods of sale.— Measurement of Timber.— Measurement and Valuation 
OP Larch Plantation.— Fire Lines.— Cost of Planting. 

" Mr. Cuids has in the course of a series of short pithy chapters alTorded much infonna. 
tion of a useful and practical character on the planting and subsequent treatment of trees.*- 
JUustraUd Carf enter and Builder. 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concemin|; the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown 8vo, cloth 1 0/O 

TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND 

BUILDER'S STANDARD QUIDB. 

By Richard £. Grandt. Comprising :— An Analysis of Deal Standards, 
Home and Foreign, with Comparative Values and Tabular Arrangements for 
fixing Net Landed Cost on Baltic and North American Deals, including all 
intermediate £xi>enses, Frei|;ht, Insurance, &c. ; together with copious Informa* 
tion for the Retailer and Builder. Third Edition, Revised. i2mo, doth 2/0 

" Everjrthing it pretends to be: built up gradually, it leads one from a forest to a treenail, and 
throws in, as a makeweight, a host of material concenung bricks, columns, cisterns, tec"— English 
Mechanic. 
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5CH00L OP ' PAINTING FOR THB IMITATION OP 

WOODS AND MARBLES. 

As Taught and Practised by A. R. Van dbr Burg and P. Van dbr Burg, 
Directors of the Rotterdam Paintine Institution. Royal folio, 18^ by Z2| in.. 
Illustrated with 24 full-size Coloured Plates ; also is plain Plates, comprising 
ZS4 Figures. Fourth Edition , cloth . [/usi Published. Net £1 5«. 

List of Plates. 
I. Various Tools rbquirbd for wood painting.— s, 3. walnut; Preliminary 
Stages op Graining and Finished specimen. — 4. Tools Used por Marble 
Painting and method op Manipulation.— s, 6. St. Rbmi marble: Earlier 
Operations and Finished Specimen. — 7. Methods op Sketching dipferent 
Grains. Knots. &c.— s, > ash: preliminary stages and Finished Speci- 
men. — sa Methods of sketching Marble Grains. — zx. za. Breche marble ; 
Preliminary Stages of working and Finished specimen.— 13. Maple ; Methods 
OP Producing the Different Grains.— u* 15. Bird's-eye maple; preliminary 
stages and Finished Specimen.— z6. methods op sketching the Different 

species op white marble.— z7. z8. WHrTB MARBLE ; PRELIMINARY STAGES OP 

Process and finished specimen.— Z9. Mahogany; Specimens op Various Grains 

AND methods op MANIPULATION. —90. 9Z. MAHOGANY ; EARLIER STAGES AND 

Finished specimen.— as. ss, 04. Sienna Marble: Varieties op Grain, preliminary 

STAGES AND FINISHED SPECIMEN.— aS. 96. 97. JUNIPER WOOD; METHODS OP PRO- 
DUCING GRAIN. &C. ; PRELIMINARY STAGES AND FINISHED SPECIMEN.— 96, 9Q, 30. VERT 

DE Mer Marble; Varieties of Grain and Methods op working. Unfinished 
AND Finished specimens.— sx. 39, 33. Oak ; Varieties op Grain, tools Employed 
and methods op Manipulation, preliminary Stages and Finished Specimen.— 
S4t 35t 36. waulsort Marble; Varieties of Grain. Unfinishbo and finished 

^ECIMENS. 

"Those who dediv to attab skill In the art of painting woods and marbles will find advantage 
In consulting this bode . . . Some of the Worlang Men's Qubs should give their young men 
the opportunity to study \X."^BuiUUr. 



" A comprehensiTe guide to the art. The explanations of the processes, the manipulation 
and management of the colours, and the beautifully executed plates will not be the least valuable to 
the student who aims at making his work a faithful transcript of vMvan."—Buildinsr News. 

** Students and novices are fortunate wiio are able to become the possessors of so noble a 
work.''— rAc ArdMecL 

BLEMBNTARY DBCORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. By Jambs W. Facby. With numerous Illus- 
trations. In One Vol., strongly naif-bound ...... 5/0 

H0U5B PAINTING, QRAININQ, MARBLING, AND 

SIQN WRITINQ. 

A Practical Manual of. By Ellis A. Davidson. Eighth Edition. With 

Coloured Plates and Wood Engravings. Crown 8vo, cloth . . . 6/0 

** A mass of information of use to the amateur and of value to the practical maxL"—Bntrlish 
Meehanic 

THB DBCORATOR'5 ASSISTANT. 

A Modem Guide for Decorative Artists and Amateurs, Painters, Writers, 
Gilders, && Containing upwards of 600 Receipts, Rules, and Instructions ; 
with a variety of Information for General Work connected with every Qass of 
Interior and Exterior Decorations, &c. Seventh Edition. Cr. 8vo . 1 /Q 

" Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of 
larger treatises on colour and technical processes. It would be difficult to meet with a work so full 
of varied information on the painter's dxt."— Building News. 

MARBLB DBCORATION 

And the Terminolc^y of British and Foreign Marbles. A Handbook for 
Students. By George H. Blagrovb, Author of " Shoring and its Applica- 
tion," &c. with a8 Illustrations. Crown 8vo, cloth .... 3/6 

••This most nieful and much wanted handbook should be In the hands of every architect and 
bulktor."-J W Aft!>y tf^erld. 

" A carefully and usef^y written treatise ; the work Is esse nti a lly vnctieal,''~-ScettmmH, 
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DELAMOTTE'8 WORKS ON ILLUMINATION AND 

ALPHABETS. 



ORNAMENTAL ALPHABETS, ANCIENT & MEDI/GVAL. 

From the Eighth Century, with Numerals; includinp; Gothic, Church>Text| 
large and small, German. Italian, Arabesque, Initials for Illumination, 
Monograms, Crosses, &c., ac, for the use of Architectural and Engineering 
Draughtsmen, Missal Pinters, Masons, Decorative Painters, Lithographers, 
Engravers, Carvers, &c. Collected and Engraved by F. Dblamottb, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, oblong, 
ornamental boards 22/6 

** For those who insert enamelled sentences round gilded chalices, who blason shop l^fends 
over shop-doors, who letter church walls with pithy sentences from the Decalogue, this book will be 
vaieiuL"^AtH€Maum, 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers. Engravers, Carvers, 
&c. Collected and Engraved by F. Delamotte, and printed in Colours. 
New and Cheaper Edition. Royal 8vo, oblong, ornamental boards . 2/6 

" There is comprised in it every possible shape into which the letters of the alphabet and 
numerals can be formed, and the talent which has been expended in the conception otthe various 
plain and ornamental letters is wondex{\iL"—StaHdarel. 

MEDIiCVAL ALPHABETS AND INITIALS. 

By F. G. Dblamottb. Containing ax Plates and Illuminated Title, printed 

in Gold and Colours. With an Introduction by J. Willis Brooks. Fifth 

Edition. Small 4to, ornamental boards Nei 5/0 

"A volume in which the letters of the alphabet come forth glorified In gilding and all the 
colours of the prism interwoven and intertwined and intermingled, "-^wm. 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners ; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., 
printed in Gold and Colours. By F. Dblamottb. New and Cheaper 
Edition. Small 4to, ornamental boards 6/0 

" The examples of ancient MSS. reqpmmended to the student, which, with much good sense, 
the author chooses from collections accessible to all, are selected with judgment and knowledge as 
well as taste."^Ath€tueum. 

THE EMBROIDERER'S BOOK OP DESIGN. 

Containing Initials, Emblems, Cyphers, Monograms, Ornamental Borders. 
Ecclesiastical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected by F. Delamotte, and printed in Colours. Oblong 

royal 8vo, ornamental wrapper JVei 2 O 

" The book will be of great assistance to ladies and young children who an endowed with 
the art of plying the needle in this most ornamental and useful pretty work."— Bast A M^tian Timts. 



WOOD-CARVINQ FOR AMATEUR5. 

With Hints on Design. By A Lady. With zo Plates. New and Cheaper 

Edition. Crown 8vo, in emblematic wrapper 2/0 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt from ' A 
Lady's ' publication."— ytfiA«»«M»». 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Times, F.S.A. Induding 
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c Fifth 
Edition. Crown 8vo, cloth 6/0 

%* Adopttd as a Priu Book at South KtHiingUm. 
" Much may be learned, even by those who fancy they do not require to be taught, from the 
caieftil perusal of this unpretending but comprehensive trerase."— wi<r/ youmat. 
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THE VISIBLE UNIVERSE. 

Chapters <» the Oriein and Construction of the Heavens. By J. E. Gorb, 
F.R.A.S., Author of ^' Star Groups," &c. Illustrated by 6 Stellar Photographs 
and 12 Plates. Demy 8vo, cloth 1 6/0 

5TAR GROUPS. 

A Student's Guide to the Constellations. By J. Ellard Gokb, F.R.A.S., 
M.R.I.A.. &c., Author of "The Visible Universe," "The Scenery of the 
Heavens, &c. With 30 Maps. Small 4to, cloth 5/0 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Interesting Celestial Objects. By J. Ellard Gorb, 
F.R.A.S., Author of " The Visible Universe," &c. Small crown 8vo, cloth. 

THE MICROSCOPE. 

Its Construction and Management. Including Technique, Photo-micrography, 
and the Past and Future of the Microscope. By Dr. Henri van Hburck. 
Re-Edited and Augmented from the Fourth French Edition, and Translated 
by Wynne £. Baxter, F.G.S. mp. 8vo, cloth .... 18/0 

A MANUAL OF THE MOLLUSCA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S., 
F.G.S. With an Appendix on Recent and Fossil Conchological 
Discoveries, by Ralph Tate, A.L.S., F.G.S. With 23 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Edition (x88o). Crown Bvo, 
cloth 7/6 

THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Concord. 
By G. W. V. LE Vaux. 8vo, cloth 5/0 

LARDNER'S HANDBOOKS OF SCIENCE. 
HANDBOOK OF MECHANICS. 

Enlarged and re*written by B. Loewv, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

Revised and Enlarged by B. Loewt, F.R.A.S. Post Bvo, cloth . 5/0 

HANDBOOK OF HEAT. 

Edited and re-written by B. Loewy, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OF OPTICS. 

New Edition. Edited by T. Olver Harding, B.A. Small 8vo, cloth 5/O 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

Edited by Geo. C. Foster, B.A. > Small 8vo, cloth .... 5/0 

HANDBOOK OF ASTRONOMY. 

Revised and Edited by Edwin DuNKiN, F.R. A. S. 8vo, cloth . . 0/6 

MUSEUM OF SCIENCE AND ART. 

With upwards of z,aoo Engravings. In Six Double Volumes, £1 1 a. Cloth, 
or half-morocco £1 lit. 6d. 

NATURAL PHILOSOPHY FOR SCHOOLS . . 3/6 
ANIMAL PHYSIOLOGY FOR SCHOOLS . 3/6 

THE ELECTRIC TELEGRAPH. 

Revised by E. B. Bright, F.R.A.S. Fcap. 8vc, cloth . 2/6 

L. c 



34 CROSBY LOCK WOOD S' SON'S CATALOGUE, 

CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 



THE ANALYSIS OF OILS AND ALLIED SUBSTANCES. 

By A C. Wright, M AOxon , B.Sc Lond , foimerly Assistant Lecturer in 
Chemistrv at the Yorkshire College, Leeds, and Lecturer in Chemistry at the 
Hull Technical School. Demy 8vo, cloth. [Just Published. Net Q/Q 

THE QAS ENGINEER'S POCKET-BOOK. 

Comprising Tables, Notes and Memoranda relating to the Manuiactiire, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H. O'Connor, A.M.Inst.C.£. Second Edition, Revised. 470 pp., crown BvOi 
fully Illustrated, leather 1 Q/O 

** The book contains a rast amount of information. The author eoes consecutiTdy thfoogh 
the engineering details and practical methods involved in each of the aiflerent processes or parts 
of a gas-worlcs. He has certainly succeeded in making a compilation of hard matters of^fiKt 
absolutely interesting to read." — Uas IVorld. 

" A useful work of reference for the ffas engineer and all interested in lighting or heating by 

5 as, while the analyses of the various descriptions of gas will be of value to the tecnnical chemist. 
l11 matter in any way connected with the manufacture and use of gas is dealt with. The book has 
evidently been carenilly compiled, and certainly constitutes a useful addition to gas literatufe."— 
SuUder. 

"The volume contains a great quantity of specialised information, compOod, we believe, from 
trustworthy sources, which should make it of considerable value to those for whom it is spec i fically 
ptoduced. —EftgiMetr. 

LIGHTINQ BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By William E. Gibbs, M.E. 
With 66 Illustrations. Crown 8vo, cloth 7/6 

ENQINEERINQ CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 
Masters. Iron Founders, Students and others. Comprisinp; Methods of Anal^nns 
and Valuation of the Principal Materials used in Engmeering Work, with 
numerous Analyses, Exami>les and Suggestions. By H. Joshua Phillips, 
F.I.C., F.C.S. Third Edition, Revised and Enlarged. Crown 8vo, 430 pp., 
with Plates and other Illustrations, cloth. [Just Published. Net 10/6 

" In this work the author has rendered no small service to a numerous body of ptactical 
men. . . . The analytical methods may be pronounced most satisfactory, being as accurate as the 
despatch required ot engineering chemists permits."— CA/m^lcs/ News. 

** The analytical methods given are, as a whole, such as are likely to give rafiid and trust* 
worthy results in experienced hands. . . . There is much excellent descripidve matter in the wock, 
the ctiapter on ' Oils and Lubrication ' being specially noticeable in this respect.''— /?Mi(iM«fr. 

NITR0-EXPL05IVE5. 

A Practical Treatise concerning the Properties, Manufacture, and Analysis 

of Nitrated Substances, including the Fulminates, Smokeless Powders, and 

Celluloid. By P. Gerald Sanford, F. I.C, Consulting Chemist to the Cotton 

Powder Company, Limited, &c. With Illustrations. Crown 8vo, doth. 9/0 

" One of the very few text-books in which can be found Just what is wanted. Mr. Sanford 

goes steadily through the whole list of explosives commonly used, he names any given explodvo^ 

and tells us of what It is composed and how it is manu&ctured. The book is excellent thiou^iottt. 

—The Engineer. 

A HANDBOOK ON MODERN EXPL05IVE5. 

A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton 
Nitro-Glyoerine and other Explosive Compounds, includmg Collodion-Cotton 
With Chapters on Explosives in Practical Application. By M. Eisslbr, M.E 

Second Edition, Enlarged. Crown 8vo, cloth 1 2/6 

" A veritable mine of information on the subject of explosives employed for military, mining 
and blasting purposes."— ^rmy and Navy Gazette. 

DANGEROUS Q00D5. 

Their Sources and Properties, Modes of Storage and Transport. With Notes 
and Comments on Accidents arising therefrom. A Guide for the Use of 
Government and Railway Officials, Steamship Owners, &c. By H. Joshua 
Pkt'UPS. F.I.C, F.C.S. Crown Rvo. r»74 po.. cloth .... Q/Q 
*• Merits a wide dicutadoa, ndn Intelligent, appradatlve stady."— C*mn*»/Mw/. 



CHEMICAL MANUFACTURES, CHEMISTRY, 6^. 35 
A MANUAL OP THE ALICALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer. With 232 Illustrations 
and Working .I)rawings, Second Edition, with Additions. Super-royal 8vo, 
cloth £1 10«. 

" We find not merely a sound and luminous explanation of the chemical principles of the 
trade, but a notice of numerous matters which have a most important bearings on the successful 
conduct of alkali works, but which are generally overlooked by even experienced technological 
a.utbon."—C/umicai Review. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, Etc. 

Containing all known^ Methods of Anhydrous Analysis, many Working 
Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 
Ross, R.A., F.G.S. Second Edition, Enlarged. Crown 8vo, cloth . 5/0 

*' The student who goes conscientiously through the course of experimentation here laid down 
win gain a b«ttter ins^ht into inorganic chemistry and mineralogy than tf he had * got up ' any of the 
best text-books of the day, and passed any number of examinations in their contents^'— CA^m^ca/ 
/Vewfs, 

THE MANUAL OP COLOURS AND DYE-WARE5. 

Their Ihroperties, Applications, Valuations, Impurities and Sophistications. 

For the Use of Dyers, Ihrinters, Drysalters, Brokers, &c. By J. W. Slatbr. 

Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 7/6 

" There is no other work which covers precisely the same ground. To students prepering 
for examinations in dyeing and printing it will prove exceedingly usefuL"— CA<m*ca/ News. 

A HANDY BOOK POR BREWER5. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 
Condusions of Modem Research which bear upon the Practice of Brewing. 
By Herbert Edwards Wright, M.A. Second Edition, Enlarged. Crown 

8vo, 530 pp., cloth . 1 2/6 

** May be consulted with advantage by the student who is preparing himself for examinational 
tests, wliile the scientific brewer will find in it a risumd of all the most important discoveries off 
modem times. The work is written tlirougtiout in a clear and concise manner, and the author 
takes great care to discriminate between vague theories and weD-established &cts, --Brewer^ 
yetu mo L 

" We have great pleasure in recommending this handy book, and have no hesitation In saylncr 
that it is one of the bat— if not the best— which has yet been written on the subject of beer-brewing 
In this country ; it should have a place on the shelves of every brewer's library."— ^rvwrr 
Guardian, 

" Although the requirements of the student are primarily considered, an acquaintance of half- 
an-hour's duration cannot fail to impress the practical brewer with the sense of having found a 
trustworthy guide and practical counsellor in brewery maSXet%."'-Ckemicai Trade yeunuU. 

FUELS: 50LID, LIQUID, AND QA5E0U5. 

Their Anal]^ and Valuation. For the Use of Chemists and Engineers. By 
H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to the 
G.E. Rlwy. Third Edition, Revised and Enlarged. Crown 8vo, cloth 2/0 

" Ought to have its place in the laboratory of every roetalluigfcal establishment and wherever 
fuel is nsed 00 a large scale. "—Ck emieal News. 

THE ARTI5T5' MANUAL OP PIGMENTS. 

Showing their Composition, Conditions of Permanency, Non-Permanency, and 
Adulterations, &c., with Tests of Purity. By H. C. Standagb. Third 

Edition. Crown 8vo, cloth 2/6 

•• This work is indeed ntuitufH-in^rvo, and we can, with good conscience, recommend it to 
all who come in contact with pigments, whether as makers, dealers, or users."— CAtfm^iai/ Review, 

A POCKET-BOOK OP MENSURATION AND QAUQINQ. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants. &c. By J. B. Mant, Inland Revenue. Second Edition, 
Revised. x8mo, leather 4/0 

** Should be in the hands of every practical bcewer."— ^rnwcrf ' yettrnal, 

C 2 
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TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the 
Cultivation of the Tea Plant and the Preparation of Tea for the Market. By 
A. J. Wallis-Tayler, A. M. Inst. C.E. Medium 8vo, 468 pp. With fli8 

Illustrations Net 26/0 

Summary of Contents. 

MscHANicAL Cultivation or Tillage op the Soil.— plucking or Gathering 

THE Leaf. —Tea Factories.— the Dressing, Manufacture, or Preparation 

OF Tea by Mechanical Means. — Artificial Withering of the Leaf.— 

Machines for Rolling or Curling the leaf.- fermenting Process.— 

MACHINES for THE AUTOMATIC DRYING OR FIRING OF THE LEAF.— MACHINES FOR 
NON.AUTOHATIC DRYING OR FIRING OF THE LEAF.- DRYING OR FIRING MACHINES. 
— BREAKING OR CUTTING. AND SORTING MACHINES.— PACKING THE TEA.- MEANS 
OF TRANSPORT ON TEA PLANTATIONS.— MISCELLANEOUS MACHINERY AND APPARATUS. 
—FINAL TREATMENT OF THE TEA.— TABLES AND MEMORANDA. 

" The subject of tea machinery is now one of the first interest to a Iai;gfe class of peo le, to 
whom we strongfly commend the volume."— CAam^^r o/Commervt yournai. 

"When tea planting was first introduced into the British possessions little, if any, machinery 
was employed, but now its use is almost universal. This volume contains a very full account of the 
machinery necessary for the proper outfit of a factory, and also a description of the processes best 
carried out by this machinery."- ^^^Mma/ Society o/Arts. 

FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Fribdrich Kick, Imperial 
Regierun^srath, Professor of Mechanical Technology in the Imperial German 
Poljrtechnic Institute, Pri^^e. Translated from the Second Enlarged and 
Revised Edition with Supplement. By H. H. P. Powlbs, Assoc. Memb. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with a8 Folding 
Plates, and 167 Woodcuts. Royal 8vo, cloth £1 0a. 

"This invaluable work is, and will remain, the standard authority on the science of milling. . . . 
The miller who has read and digested this work will have laid the foundation, so to speak, of a 
successful career ; he will have acquired a number of general principles which he can proceed to 
apply. In this luuidsome v(riume we at last have the accepted text-book of modem milling in good, 
sound English, which has little. If anv. trace of the Gennan Idiom."— TA^ Miller. 

** The appearance of this celebrated work in English is very opportune, and British millers 
will, we are sure, not be slow in availing themselves of its pages."— 3n7/«rf' Gaaette. 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufacttirers. 
By John Lister, Technical Instructor, Pendleton. 8vo, cloth . . 7/6 

" This invaluable volume is a distinct advance in the litefature of cotton manufacture."— 
Machinery. 

"It tt thoroughly reliable, fulfilling nearly all the requirements daeired."— ^Aij^vw Hermld, 

MODERN CYCLES. 

A Practical Handbook on their Construction and Repair. By A. T. Walus- 
Tatlbr, a. M. Inst. C. E., Author of " Refrigerating Machinery, ''^ftc. With 
upwards of 300 Illustrations. Crown 8vo, clotn 10/6 

" The laige trade that Is done In the component parts of bicycles has placed in the wnr of 
men mechanically inclined extraordinary facilities for building bicycles for their own use. . . . The 
book will prove a valuable guide for all those who asi^re to the manufacture or repair of their own 
machines. "^--rAg Fitld. 

"A most comprehensive and up-to-date treatise."— TiiM Cycle. 

" A very useful book, which is quite entitled to rank as a standard work for students of cycle 
construction. — Wheeling^, 

MOTOR CARS OR POWER CARRIAGES FOR COMMON 

ROADS. 

By A. J. Wallis-Taylbr, Assoc. Memb. Inst. C.E., Author of "Modem 
Cycles," &c. ais pp., with 76 Illustrations. Crown 8vo, doth . . 4/6 

" The book is clearly expressed throughout, and is just the sort of work that an engineer, 
thinldng of turning his attention to motor.carriage work, would do well to read as a preliminary to 
starting operations.''-^ >^M«er/nf-. 
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PRACTICAL TANNING. 

A Handbook of Modern Procesess, Receipts, and Suggestions for the Treatment 
of Hides, Skins, and Pelts of every Description. By L. A. Flemming, 
American Tanner. 472 pages. 8vo, cloth. [/«*/ Published. Net 26/0 

THE ART OP LEATHER MANUFACTURE. 

Being a Practical Handbook, in which the Operations of Tanning, Currying, 
and Leather Dresshig are fully Described, and the Principles of Tanning 
Explained, and many Recent Processes Introduced ; as also Methods for the 
Estimation of Tannm, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Albxandbr Watt. Fourth Edition. Crown 8vo cloth. 

9/0 

" A sound, comprehensive treatise on tannine and its accessories. The book is an eminently 
valaable production, which redounds to the credit of both author and publishers."— CA«iMMa/ 
Review. 

THE ART OP 50AP-iVLAKINQ. 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Alexander Watt. Sixth Edition, 
including an Appendix on Modern Candlemaking. Crown 8vo, cloth . 7/d 

"The work will prove very useful, not merely to the technological student, but to the 
practical soap boiler who wishes to understand the theory of his axx.."— Chemical News. 

" A thoroughly practical treatise. We congratulate the author on the success of his endeavour 
to fill a void in English technical literature. "~^0A(r«. 

PRACTICAL PAPER-MAKINQ. 

A Manual for Paper>Makers and Owners and Managers of Paper-Mills. With 
Tables, Calculations, &c. By G. Clapperton, Paper-Maker. With Illus- 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . 0/0 

" The author caters for the requirements of responsible mill hands, apprentices, &c., i^hilst 
fall manual will be found ofgreat service to students of technology, as well as to veteran paper- 
makeis and mill owners. The illustrations form an' excellent feature."— 7'A« IVorld's Pafer jradt 
Review, 

THE ART OP PAPER-MAKINQ« 

A Practical Handbook of the Manufacture of Paper from Rags, Esparto, 
Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 
Wood Fibre, with a Description of the Machinery and Appliances used. To 
which are added Details of Processes for Recovering Soda from Waste Liquors. 
By Albxandbr Watt. With Illustrations. Crown Svo, cloth . . 7/6 

**It may be r^arded as the standard work on the subject. The book Is full of valuable 
Information. The * Art of Paper-Making ' is in every respect a model of a text-book, either for a 
technical class, or for the private student, —i'a^tff and Printing Trades youmal. 

A TREATI5E ON PAPER. 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical School. Demy Svo, cloth 3/6 

CBMBNT5, PA5TB5, QLUB5, AND QUM5. 

A Practical Guide to the Manufacttire and Application of the various Agglnti- 
nants required in the Building, Metal-Working, Wood- Working, and Leather* 
Working Trades, and for Workshop and Office Use. With upwards of 900 
Recipes. By H. C. Standagb. Third Edition. Crown Svo, cloth . 2/0 

"We have pleasure in speakings favourably of this volume. So far as we have had 
experience, which is not incondderable, tliis manual is trustworthy."— ^/A^msMm. 

THE CABINET-MAKER'S GUIDE 

TO THE ENTIRE CONSTRUCTION OF CABINET WORK. 

Including Veneering, Marquetrie, Buhlwork, Mosaic, Inlaying, &c. ^ By 
Richard Bitmbad. Illustrated with Plans, Sections, and Working Drawings. 
Small crown Svo, cloth « . • • 2/6 

FRENCH POLISHING AND ENAMELLING. 

A Practical Work of Instruction. Including Numerous Recipes for making 
Polishes, Varnishes, Glaze-Lacquers, Revivers, &c. By Richard Bitmead, 
Author of "The Cabinet-Maker's Guide." Small crown Svo, cloth . 1/Q 
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WOOD ENQRAVINQ. 

A Practical and Easy Introduction to the Study of the Art. By W. N. Brown. 
x2mo, cloth -| /Q 

"The book is clear and complete, and will be useful to any one wanting: to understand the 
first elements of the beautiful art of wood eRgtaviDg."—Grufkic. 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunibr, ex-Director of the School 
of Horology at Macon, by Julien Tripplin, F.R.A.S., Besancon Watch 
Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. With 
Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second 
Edition. Super-royal 8vo, £2 2«. cloth ; half-calf . . £2 1 0a. 

" There is no horological work in the Eng'lish iaxiguag^ at all to be compared to this produc- 
tion of M. Saunier's for clearness and completeness. It is alike good as a guide for the student and 
as a reference for the experienced horologist and skilled •wor\anaxi."^Harclcgioai journal. 

" The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanical superiority over their Ensflish brethren 
—in fact, the Book of Books is M. Saunier's ' Treatise.' "—fVatchmaker, jeweller, and Silversmith. 

THE WATCH ADJUSTER'5 MANUAL. 

A Practical Guide for the Watch and Chronometer^ Adjuster in Making, 
Springing, Timing and Adjusting for Isochronism, Positions and Temperatures. 
By C. E. Fritts. 370 pp., with Illustrations, 8vo, cloth . . . 16/0 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Companion for those engaged in Watchmaking and 
the Allied Mechanical Arts. Translated from the French of Claudius 
Saunibr, and enlarged by Julien Tripplin, F.R.A.S., and Edward 
Rigg, M.A., Assayer m the Royal Mint. Third Edition. Crown 8vo»cloth. 

9/0 



" Each part is truly a treatise in itself. The arrangement is good and the language is clear 
and concise. It is an aamirable guide for the young watchmaker."— J?MW»Mr^i|f'. 

"It is impossible to speak too highly of its excellence. It fulnu erery requirement In a 
handbook intended for the use of a worlcman. Should be found in every workshop. '—tVtUck Mttd 
Clockmaker. 

HISTORY OP WATCHES & OTHER TIMEKEEPERS. 

By Jambs F. Kendal, M.B.H. Inst. 1/6 boards; or cloth, gilt . 2/6 

"The best which has yet appeared on this subject in the English language."— /mft^xilrfef. 
"Open the book where you may, there is interesting matter in it concerning the ingenious 
devices ot the ancient or modem horologer."— 5iaA<nefa[y Review. 

ELECTRO^PLATING&ELECTRO^REFININGOFMETALS. 

Being a new edition of Alexander Watt's " Electro-Deposition." Re- 
vised and Largely Rewtitten by Arnold Philip, B.Sc, A.I.E.E., Principal 
Assistant to the Admiralty Chemist. Large Crown 8vo, cloth. 

[Just Publishsd. Nit 1 2/6 

" Altogether the work can be highly recommended to every electro-plater, and Is of un- 
doubted interest to every electro-metallurgiit." — Electrical Review. 

" Eminently a book for the practical worker in electro-deposition. It contains practical 
descriptions of methods, processes and materials, as actually pursued and used in the worlohop."— > 
Et^^nter, 

ELECTRO-METALLURQY. 

Practically Treated. By Alexander Watt. Tenth Edition, including the 

most recent Processes, xamo, cloth « 3/6 

" From this book both amateur and artisan may learn everything necessary for the sucoesriul 
prosecution of electroplating."— /r^n. 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatbe for Masters and Workmen, Compiled from the Experience 
of Thirty Years' Workshop Practice. By Gborgb E. Gbb, Author of " The 

Goldsmith's Handbook," &c. Crown 8vo, cloth 7/6 

"This mannal of technical educatkm is apparently dostinad to be a valnablB anxflbuty to a 
handicraft wlilch is certainly capable of great improTement."— 7%« Times. 
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BLECTROPLATINQ. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 
Aluminium, Brass, Platinum, &c., &c. By J. W. Urquhart, C.E. Fourth 
Edition, Revised. Crown 8vo, cloth . . . ... . 6/0 

" An excellent practical naxmai."-'Engin*€HHg^. 

" An excellent work, giving: the newest information.**— /rtfro/^ieios/ youmal. 

ELECTROTYPINQ. 

The Reproduction and Multiplication of Printing Surfaces and Works of Art 
bv the Electro-Deposition of Metals. By J. W. Urquhart, C.E. Crown 8vo, 

cloth 6/0 

" The book is thoroug^hly practical : the reader is, therefore, conducted through the leading 

tews of electricity, then through the metals used by electrotypers, the apparatus, and the depositing 

processes, up to the final preparation of the work. — Art y'oumai, 

Q0LD5MITH'5 HANDBOOK. 

By George £. Gee, Jeweller, &c. Fifth Edition. i2mo, cloth . . 3/0 
"A good, sound educator, and will be generally accepted as an authority."— iST^roAK'iCB/ 

SILVERSMITH'S HANDBOOK. 

By George E. Gee, Jeweller, &c. Third Edition, with numerous Illustra- 
tions, zamo, cloth . . . 3/0 

"The chief merit of the work is its practical character. . . . The workers In the trade will 
speedily discover its merits when they sit down to study it."— SMgrlisA Mechanic 

\* The above two works together, strongly hcUf-bound, price 7s, 

5HBET METAL WORKER'5 INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 
Tin-Plate Workers. By Reuben Henry Warn, Practical Tin-Plate Worker. 
New Edition, Revised and greatly Enlarged by Joseph G. Horner, 
A.M.I.M.E. Crown 8vo, 254 pp., with 430 Illustrations, cloth . . 7/6 

BREAD & BISCUIT BAKER'S & SUQAR-BOILER'S 

A55I5TANT. 

Including a large variety of Modem Recipes. With Remarks on the Art of 

Bread-making. By Robert Wells. Third Edition. Crown Svo;, cloth . 2/0 

" A large number of wrinkles for the ordinary cook, as well as the baker."— 5a/Mnfay Rgvitn. 

PASTRYCOOK & CONFECTIONER'S GUIDE. 

For Hotels, Restaurants, and the Trade in general, adapted also for Family 
Use. By R. Wells, Author of "The Bread and Biscuit Baker." Crown 8vo, 
cloth 2/0 

" We cannot speak too highly of this really excellent work. In these days of keen competitloa 
CNir readers cannot do better than purchase this hoo'k."— Bakers' Times. 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of 
Modern Recipes, and Remarks on Decorative and Coloured Work. With 129 
Original Designs. By Robert Wells. Second Edition. Crown 8vo, cloth. 

5/0 

" A valuable work, practical, and should be in the hands of every baker and confectioner. 
The illustrative designs are alone wortli treble the amount charged for the whole work."— Ai;ierx* 
Titms. 

MODERN FLOUR CONFECTIONER. 

Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With 

remarks on the Ingredients Used in tneir Manufacture. By Robert Wblls, 

Author of " The Bread and Biscuit Baker," &c. Crown 8vo, cloth . 2/0 

" The work b of a decidedly practical character, and in every recipe regard is had to economical 
working."— A«r/A British Daily Mail. 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hdctograph, 
Special Inks. Cements, and Allied Subjects. By T. O'Conor Sloanb, A.M., 
Ph.D. With numerous Illustrations. Square 8vo, clotb. . • • 6/0 



40 CROSBY LOCKWOOD &■ SON'S CATALOGUE. 

HANDYBOOKS FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 

Bdttor of " Work " (New Series), Aathor of " Lathe Work," " Milling Machines," ftc. 

Crown 8vo, 144 pp., price is. each. 



w.^ Thess Handvbooks have bun written to supply information for Workmbn, 
Students, and Amateurs in the several Handicrafts^ on the actual Practicb of 
the Workshop, and are intended to convey in plain language Technical Know* 
LEDGE of the several Crafts. In describing the processes employed, and the matiipu' 
lation of material, workshop terms are used ; workshop practice is fully explained ; 
and the text is freely illustrated with drawings of modem tools, appliances, and 
processes. 

METAL TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With zoo Illtifttrations. 

1/0 

** The book win be of service alike to the amateur and the artisan turner. It dIspUijs 
thorough knowledgfe of the subject." — Scotsman. 

WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over zoo lUnstradoDt. 

1/0 

" We reconuaend the book to youngf turners and amateurs. A multitude of woilaaea hare 
hitherto sougfht in vain for a manual of this special 'md.M&Xxy."—MechaHiati iVtrld. 

WATCH JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With apwards of 
zoo Illustrations I/O 

" We strongly advise all young persons connected with the watch trade to acquire aad study 
this Inexpensive work." — CUrkentotU ChronicU. 

PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. With 

upwards of loo Illustrations 1/0 

" A most valuable, if not indispensable manual for the pattern maker."— ATM^aviSed^A 

MECHANIC'S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embracing Information 
on various Handicraft Processes. With Useful Notes and Miscellaneous 

Memoranda. Comprising about 200 Subjects 1 /Q 

"A very clever and useful book, which should be found in every wodcshop; and it should 
certainly find a place in all technical schools."— 5a/Mn^^ Review. 

MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 
upwards of 100 Illustrations. . . •I/O 

" ir. Hasluck has produced a very good little book."— ^Mt7<^r. 

CLOCK JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

zoo Illustrations * 1 /O 

" It is of inestimable service to those commencing the trade."— C«wrM/>y Standard, 

CABINET WORKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 
employed in Cabinet Work. With upwards of zoo lUusuations . > 1 /O 
" Mr. Hasluck's thorough-going Httie Hanaybook is amongst the most practical gtildet we 
have seen for beginners in cabuiet-woric"— %S«/wriiey Rtview. 

WOODWORKER'S HANDYBOOK. 

Embracing Information on the Tools, Materials, Appliances and Processes 

Employed in Woodworking. With 104 Illustrations 1/Q 

" Written by a man who knows, not only how work ought to be done, but how to do It, and 
how to convev his knowledge to oxh6xs."—Engrin€trintr, 

" Mr. Hasluck writes admirably, and gives complete instructions." — Bngineer, 
" Mr. Hasluck combbies the experience of a practical teacher with the manipulative sUll and 
ide&tlfic knowledge of processes of the trained mechanician, and the manuals are marvels of what 



•i 



can be produced at a popular price."— 5cA«0/j»Mj«rr, 
"Helpful to workmen of all ages and degrees c 
"Concise, clear, and practical.' "SatHrday Revitw. 



telpful to wonunen ofaU ages and degrees of experience."- As^ ChrtnUU, 
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LB550N5 IN COMMERCE. 

By Professor R. Gambaro, of the Royal High Commercial School at Genoa. 
Edited and Revised by Jambs Gault, Professor of Commerce and Commercial 
Law in King's College, London. Fourth Edition. Crown 8vo, cloth . 3/6 

" The publishers of this worlc have rendered considecable service to the cause of conuneiclal 
education by the opportune production of this volume. . . . The worlc is peculiarly acceptable to 
EnffHsh readers and an admirable addition to existing class books. In a phrase, we think the work 
attains its object in furnishing a brief account of those laws and customs of British trade with which 
the commercial man interested therrfn should be familiar."— CAawcAcr f/'Ccmmerce jou rnal . 

" An invaluable guide In the hands of those who are preparing ror a commercud career, and, 
in ftct, the information it contains on matters of business should be impressed on every one."— 
Counting' House. 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Corresix>ndence in Five Languages — English, 

French, German, Italian, and Spanish. By Conrad E. Bakbr. Third 

Eklition, Carefully Revised Throughout. Crown 8vo, cloth . . 4>/6 

"Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do 

better than study this work, the materials of which are excellent and conveniently arranged. They 

comist not of entire specimen letters, but— what are fiir mora useful— short passages, sentences, o> 

phrases expressing the same general idea in various forta»."—AtH€naufH. 

" A careful examination has convinced us that it is unusually complete, w^ arranged and 
reliable. The book is a thoroughly good one. ""ScHooltmuttr, 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manufacturers, with Appendices on the 
Nomenclature of Machine Details; the Income Tax Acts: the Rating of 
Factories ; Fire and Boiler Insurance ; the Factory and Workshop Acts, ac, 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilk Garckb and J. M. Fells. Fifth Edition, Revised and Enlarged. 
Demy 8vo, cloth. [Just Published, 7/6 

" A very interesting description of the requirements of Factory Accounts. . . . The principle 
of assimilating the Factory Accounts to the general commercial books Is one which we thoiougiily 
agree yiWtL"—AccouHiants' youmal. 

" Characterised by extreme thoroughness. Then ara few owners of factories who would not 
derive great benefit from the perusal of this most admirable yio^"—l,ccalGcvemmeHt ChrortteU, 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Century. With 
an Appendix containing a proposed English System. By Lewis D. A. 
Jackson, A. M. Inst. C. E., Autnor of " Aid to Survey Practice," &c Largfe 

crown 8vo, cloth 1 2/6 

"We recommend the woric to all interested In the practical reform of oar wdghts and 



A SERIES OF METRIC TABLES. 

In which the British Standard Measures and Weights are compared with those 

of the Metric System at present in Use on the Continent. By C. H. Dowling, 

C.E. 8vo, cloth 10/6 

" Mr. Dowling's Tables are well put together as a ready reckoner for the conversion of one 
system into the oyhiex."—Ath€naurH, 

IRON AND METAL TRADES' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from is. per cwt. to xx2S. per cwt., and from one farthing per pound to 
one shilling per pound. By Thomas Downib. Strongly bound in leather, 
396 pp 9/0 

" A most useful set of tables, nothing like them before v:dsX9A."—BuiltUtur News. 

" Although specially adapted to the iron and metal trades, tlM tables win be found useful in 
every other business in which merchandise is bought and sold by weight."— i?atfwa> News, 
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

Containing upwards of 350,000 Separate Calculations, showing at a Glance the 
Value at 433 Different Rates, ranging from rlyt^ o^ *■ Penn^ to sos. each, or per 
cwt., and £^0 per ton, of any number of articles consecutively, from z to 470. 
Any number of cwts., ars., and lbs., from z cwt. to 470 cwts. Any number of 
tons, cwts., qrs., and lbs., from z to z,ooo tons. By William Chadwick, 
Public Accountant. Third Edition, Revised and Improved. 8vo, strongly 

bound . . . • 18/0 

" It is as easy of reference for any answer or anv number of answers as a dictionary. For 
maldns up accounts or estimates the boolc must prove invaluable to all who have any considerable 
quantity of calculations involvingf price and measure in any combination to do."— En^ifutr, 
" The most perfect work of the kind yet prepared."— CAsx^vw Heralds 

THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprehensive I^Ian, exhibiting ai 
one Reference the exact Value of any Weight from z lb. to z5 tons, at 300 
Progressive Rates, from xd. to z68s. per cwt., and containing z86.ooo Direct 
Answers, which, with their Combinations, consisting of a single addition 
(mostly to be performed at sight), will afford an aggregate of zo,366,ooo 
Answers ; the wnole being calculated and designed to ensure correctness and 
promote despatch. By Hbnrv Harbbn, Accountant. Fifth Edition, carefully 
Corrected. Royal 8vo, strongly half-bound ..... £1 fit* 

" A practical and useful work of reference for men of business srenerally."— /r0M«n«M;Qr. 

" Ot^ priceless value to business men. It is a necessary book in all mercantile offices."— 
SMiffMd Inet^endent, 

THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Merchants, Manufacturers, 
Ironmongers, and Others, by which may be ascertained the Exact Profit arising 
from any mode of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required Profit after 
allowing one or more Discounts : to which are added Tables of Profit or 
Advance from zj; to 90 per cent., Tables of Discount from z^ to gSf per cent, 
and Tables of Commission, &c., from } to zo per cent. By Hbnrv Harbbn, 
Accountant. New Edition, Corrected. Demy 8vo, half-bound . £1 fi*. 

" A book such as this can only be appreciated by business men, to whom the saving of time 
means saving of money. The work must prove of great value to mecchants, manuActurers, and 
general traders."— AriMr A Trade youmal. 

TABLES OF WAQE5. 

At 54, 5a, 50 and ^8 Hours per Week. Showing the Amounts of Wages firom 
One quarter of an nour to Sixty-four hours, in each case at Rates of Wages 
advancing by One Shilling from 45. to 555. per week. By Thos. Garbutt, 
Accountant. Square crown 8vo, half-bound ...... 6/0 

IRON-PLATE WEIGHT TABLE5. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the 
Calculated Weights of upwards of Z5o,ooo different sizes of Iron Plates from 
z foot by 6 in. by | in. to zo feet by 5 feet by z in. ^ Worked out on the Basis of 
40 lbs. to the square foot of Iron of z inch in thickness. By H. Burunson 
and W. H. Simpson. 4to, half-bound . ... £1 fis. 



AGRICULTURE, FARMING, GARDENING, S^, 



43 



AGRICULTURE, FARMING, 
GARDENING, ETC. 

THB COMPLETE QRAZIER AND FARMER'S AND 

CATTLB BRBBDBR'S ASSISTANT. 

A Compendium of Husbandly. Originally Written by William Youatt. 
Fotuteenth Edition, entirely Re-written, considerably Enlarged, and brought 
u^ to Present Requirements, by William Frbam, LL.D., Assistant Com- 
missioner, Royal Commission on Agriculture, Author of " The Elements of 
Agriculttu-e," &c. Royal 8vo, x,xoo pp., 450 Illustrations, handsomely bound. 

£1 lis. 6d. 

BOOK I. On the Varibtibs, Brbbding. 
Rearing. Fattening and Manage- 
ment OF Cattle. 

BOOK II. On the Economy and Man- 
agement OP THE DAIRY. 

Book hi. on the breeding. Rearing, 
AND Management op horses. 

Book IV. on the breeding, rearing, 
and fattening op sheep. 

Book V. on the Breeding, Rearing. 
AND Fattening op Swine. 

Book VI. on the Diseases of Live 
Stock. 



Book VII. On the Breeding. Rearing. 

AND management OP POULTRY. 

Book viii. on farm Oppicbs and 

Implements op husbandry. 
Book IX. On the Culture and Man. 

agbment op Grass Lands. 
Book X. on the Cultivation and 

application op Grasses, pulse and 

Roots 
Book XI. On Manures and their 

Application to Grass Land and 

Crops. 
Book XII. Monthly Calendars op 

Farmwork. 

" Dr. Fream is to be congratulated on the successful attempt he has made to give us a work 
whkh win at once become the standard classic of the farm practice of the country. We beliere 
that it will be found that it has no compeer among the many works at present in exbtence. . . . 
The illustrations are admirable, while the frontispiece, which represents the well-known bull. 
New Year's Gift, bred by the Queen, is a work of art."— T*** Times. 

"The book must be recognised as occupying the proud position of the most exhaustive work 
of reference in the English laiijguage on the subject with which it dGaJs."—Atkefun*m. 

" The most comprehensive guide to modem fiaurm practice that exists in the English language 
to-day. . . . The book is one that ought to be on every farm and in the library of every land 
owner."— iifar^ Lane Exprtss. 

" In point of exhaustiveness and accuracy the work wUl certainly hold a pre-eminent and 
unique position among books dealing with scientific agricultural practice. It is, in fact, an agiicul- 
tund library of \tSfi\L''--North British Agriculturist. 

FARM LIVE STOCK OF GREAT BRITAIN. 

By Robert Wallace, F.L.S., F.R.S.E.. &c., Professor of Agriculture and 

Rural Economy in the University of Edinburgh. Third Edition, thoroughly 

Revised and considerably Enlarged. With over 120 Phototypes of Prize 

Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. . . 1 2/6 

" A really complete work on the history, breeds, and management of the farm stock of Great 

Britain, and one which is likely to find its way to the shelves of eveiy country gentleman's library." 

—Th£ Tim*s. 

" The * Farm Live Stock of Great Britain ' is a production to be proud of, and its Issue not the 
least of the services wliich its author has rendered to agricultural science."— ScoMrA Farmer. 

NOTE-BOOK OF AGRICULTURAL FACT5 & FIGURES 

FOR FARMERS AND FARM STUDBNTS. 

' By Primrose McConnell, B.Sc., Fellow of the Highland and Agricultiural 
Society, Author of " Elements of Farming." Sixth Edition, Re-written, Revised, 
and greatly Enlarged. Fcap. Bvo, 480 pp., leather, gilt edges . • Q/Q 

Contents.— Surveying and Levelling.— Weights and measures.— Machinery 
AND Buildings. — Labour. — Operations. — Draining. — Embanking.— Geological 
Memoranda. — Soils. — Manures. — Cropping. — Crops.— Rotations. — weeds. — 

I^EDING.- DAIRYING.— Live STOCK.— HORSES. — CATTLB. — SHBBP.—FIGS.— POULTRY,- 

Forbstry.—horticulturb.— Miscellaneous. 

" No farmer, and certainly no agricultural student, ought to be without this mu/tutrt'iH-Parvo 
manual of all subjects connected with the fkna."— North British Agriculturist. 

"This little pocket-book contains a large amount of useful infonnation upon all kinds of 
agricultural subjects. Something of the kind has long been wanted." — Mark Lane Expt ess. 

" The amount of informatiun it conti^ns is most surprising ; the arrangement of the matter is 
so methodical— although so compressed— as to be intelligible to everyone who takes a glance thiongh 
Its pages. They teem with information."— Farw* arid Howe. 

THE ELEMENTS OF AGRICULTURAL QEOLOGY. 

A Scientific Aid to Practical Farming. By Primrose McConnell. Author of 
"Note-Bookof Agricultural Facts and Figures," &c. Royal 8 vo, cloth. 

[Just Published. Net 21 /O 
•* On every page the work bears the impress of a masterly knowledge of the subject dealt 
with, and we have nothing but unstinted praise to offer."— FieM. 
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BRITISH DAIRYINQ. 

A Handy Volome on the Work of the Dairy- Farm. For the Use of Technical 
Instruction Classes, Students in Agricultural Colleges and the Working Dairy- 
Farmer. By Prof. J. P. Shbldon. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth 2/0 

" Confidently recommended as a useful text-book on dairy fuming."— ^^WkM^Mfw/ GaMtttt. 
" Probably the best half<rown manual on dairy work that has yet been prodooMl"— AT^rtt 
BrMsh AfTtatUurist. 

" It tt the soundest little work we have yet seen on the subject."— 77b« Times, 

MILK, CHEESB, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion. Including a Chapter on Cream and the Methods of its Separation from 
Milk. By Tohn Olivbr, late Principal of the Western Dairy Institute, 
Berkeley. With Coloured Plates and aoo Illustrations. Crown 8vo, cloth. 

7/6 

" An exhaustlTe and masterly production. It may be cordially teconunended to all students 
and practitioners of dairy science. —yVbrtA British A£Ticttlturist. 

" We recommend this very comprehensive and carefully-written book to dalry-fivmers and 
students of dairying. It is a distinct acquisition to the library of the agnctiita^slL"—jt£rieuUurai 
GajHttt. 

SYSTEMATIC SMALL FARMINQ. 

Or, The Lessons of My Farm. Being an Introduction to Modem Farm 

Practice for Small Farmers. By R. Scott Burn, Author of " Outlines of 

Modern Farming," &c. Crown 8vo, cloth 8/0 

*' This is the completest book of its class we have seen, and one which every amateur farmer 
win read with pleasure, and accept as a gmde."— Field. 

OUTLINES OP MODERN FARMING. 

By R. Scott Burn. Soils, Manures, and Crops — Farming^ and Farming 
Economy — Cattle^ Sheejp, and Horses — Management of Dairy^ PigSi and 
Poultry — Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In One 
Vol., 1,250 pp., half-bound, profusely Illustrated 12/0 

FARM ENQINEERINQ, The COMPLETE TEXT-BOOK off. 

Comprising Draining and Embanking ; Irrigation and Water Sup^v ; Farm 
Roads, Fences and Gates ; Farm Buildings ; Bam Implements and Aiachines; 
Field Implements and Machines ; Agricultural Surveying, &c. By Professor 
John Scott. In One Vol., x,x5o pp., half-bound, with over 600 Illustrations. 

12/0 

''Written with neat care, as weU as with knowledge and ability. The author has done his 
work well ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students."— AfarA Lane Express, 

THE P1ELD5 OP GREAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By HvG^i 
Clements (Board of Trade). Second Edition, Revised, with Aidditions. 
x8mo, cloth 2/6 

" It is a long time since we have seen a book which has pleaised us more, or which contains 
such a vast and useful fund of }tXiO'<M\iad^."—BducaHonat Times. 

TABLE5 and MEMORANDA ffor PARMER5, QRAZ1ER5, 

AGRICULTURAL 3TUDBNT5, 3URVBYOR5, LAND AOBNT5. 
AUCTIONEERS, &c. 

With a New System of Farm Book-keeping. By Sidney Francis. Fifth 
EUiition. 373 pp., waistcoat-pocket size, limp leather . . . • 1 /8 

" Weighing less than i oc, and occupying no more space than a match-box, It contains amass 
of fscis ana calculations which has never before, in such handy form, been obtainable. Evety 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of 
the tables having been revised by Dr. Fream. We cordially recommend it."'— BelFs H'eekl^ 
Mmsen^er. 

THE ROTHAMSTED EXPERIMENTS AND THEIR 

PRACTICAL LE5SONS FOR FARMERS. 

Part I. Stock. Part 11. Crops. By C. J. R. Tipper. Crown 8vo, doth. 

3/6 
** We have no doubt that the book will be welcomed by a large class of faimets and odien 
interested In agriculture."— 5ten</<af-</. 
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FERTILISERS AND FEEDING 5TUFFS. 

Their Properties and Uses A Handbook for the Practical Farmer. By 

Bbrnard Dvbr, D.Sc. (Lend.). With the Text of the Fertilisers and Feeding 

Stuffs Act of 1893, &c. Third Edition, Revised. Crown 8vo, cloth. . 1 /O 

" This little book is' precisely what it professes to be—* A Ha,ndbook for the Practical 
Farmer.' Dr. Dyer has done fanners gfood service in placing at their disposal so much useful 
Information in so intelligible a form."— 77m Times. 

BEES FOR PLEASURE AND PROFIT. 

A Guide to the ' Manipulation of Bees, the Production of Honey, and the 
General Management oi the Apiary. By G. Gordon Samson. With 
numerous Illustrations. Crown Svo, wrapper *! /O 

BOOK-KEEPING for FARMERS and ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. 
Fourth Edition. Crown Svo, cloth. [Just Published. 2/6 

" The volume is a capital study of a most important subject."— ^^WcMZ/Mnc/ GoMtttt, 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income'' and 
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c. 
With Valuation, Profit and Loss Account, ana Balance Sheet at the End of the 
Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 

Folio, half-bound ' Ak/ 7/6 

" Contains every requldte for keeping farm accounts readily and accurately."— ^^yilrw/lfiwr*. 

THE FORCING GARDEN. 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 

By Samuel Wood. Urown Svo, cloth 3/6 

** A good book, contalninK a great deal of valuable teaching."— ^nlm«n' Magm»iH€, 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow Vegetables, Fruits, and Flowers. Bv S. Wood. Fotuth 
Edition, with considerable Additions, and numerous Illustrations Crown 
Svo, cloth 3/6 

" A very good book, and one to be highly recommended as a practical guide. The practical 
directions are excellent."— ^M^mtm^m. 

MULTUM-IN-PARVO GARDENING. 

Or, How to Make One Acre of Land produce £620 a year, by the Cultivation 
of Fruits and Vegetables ; also. How to Grow Flowers in Three Glass Houses, 
so as to realise^ A 176 per annum clear Profit. By Samuel Wood, Author of 
" Good Gardening, &c. Sixth Edition, Crown Svo, sewed . . • 1/0 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown Svo, cloth . 3/6 

POTATOES: HOW TO GROW AND 5H0W THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. PzNK. Crown Svo 2/0 

MARKET AND KITCHEN GARDENING. 

By C. W. Shaw, late Editor of *< Gardening Illustrated." Crown Svo, cloth. 

3/6 
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AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, ETC. 



INWOOD'5 TABLES FOR PURCHASING ESTATES 

AND FOR THB VALUATION OP PROPERTIES, 

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities, 
Freehol(k, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases. Reversions, Sinking Funds, 
&€., &c. 26th Eldition, Revised and Extended by William Schooling, 
F.R. AS., with Logarithms of Natural Numbers and Thoman's Log^thmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth. 

[Just Published. NetBIO 
" Those interested In the purchase and sale of estates, and in the acUustment of compensation 
aaaei, as well as in transactions in annuities, life insurances, &c., will find the present edition of 
«mfaient service."— fMWMMn'M^. 

"This valuable Dook has been considerably enlarged and improved by the labours of 
Mr. Schoolingt-and is now very complete 'mde«d.''~Ea>Homist. 

" Altogether this ecUtion will prove of extreme value to many classes of professional men in 
caving them many long and tedious calculations." — Investors' Review. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 

AND E5TATE AGENT AND VALUER'3 POCKET A5513TANT. 

For the Valuation for Purchase, Sale, <x Renewal of Leases, Annuities, and 
Reversions, and of Property generally ; with Prices for Inventories, &c. By 
John Wheelbr, Valuer, &c. Sixth Edition, Re-written and greatly Extended 
by C. NoRRis. Royal 32mo, cloth fi/0 

" A neat and concise book of reference, containing an admirable and clearly-arranged list of 
prices for inventories, and a very practical guide to determine the value of furniture, SK."-^tandartL 

" Contains a laqjfe quantity of varied and useful information as to the valuation for purchase, 
sale, or renewal of leases, annuities and reversions, and of property generally, with prices for 
inventories, and a guide to determine the value of interior fittings and other effects."— ^«<U^. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robbrt 
Squibbs, Auctioneer. Second Edition, Revised. Demy 8vo, cloth . 12/6 

"The worie is one of general excellent character, and gives much information In ■ com- 
pendious and satisfactory {'oasL."—Suitder. 

" May be recommended as giving a great deal of Infonnatloa on the law leliting to 
auctioneers, in a very readable form/'— Zow journal. 



THE AGRICULTURAL VALUER'S A55I5TANT. 

A Practical Handbook on the Valtiation of Landed Instates ; including 
Example of a Detailed Report on Management and Realisation ; Foims of 
Valuations of Tenant Right ;^ Lists of Local Agricuittual Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Lands Clauses Acts, &c By Tom Bright, Agricul- 
tural Valuer. Author of "The Agricultural Surveyor and Estate /Rent's 
Handbook."' Fourth Edition, Revised, with Appendix containing a Digest of 
the Agricultural Holdings Acts, 1883 and 1900. Crown 8vo, doth . Net 6/0 

" Full of tables and examples In connection with the valuation of tenant-right, estitat, laboui, 
contents and weights of timber, and farm produce of all \Aa^"—Af^rieHlti»r»l GoMeOe. 

" An eminently practical handbook, full of practical tables aira data of undoubted Intetest and 
value to surveyors and auctioneers In preparing valuations of all kinds."— ^anwcr. 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Upderwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 
8vo, cloth 8/6 



" To valuers, fbcestets and agents It will be a wi c o i ne aid."— A^tfrc* Brittsk Agrieulttna, 
Jculat ■ - - 



> WeD cakulated to asirist tiie valuer in the dladuuv* of bis dutlM. and of nudoiitalad 
and use both to sunreyoffi nd anctlo n e e ts in p re pw iqg vataadoM of all lriBds."-*Jfl0tf iUreML 
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AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 

HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. B^ 
Tom Bright, Agricultural Surveyor and Valuer, Author of " The Agri* 
cultural Valuer's Assistant," &c. With Illustrations. Fcap. 8vo, Leather. 

iVir/ 7/6 
" An exceedingrly useful book, the contents of which are admirably chosen. The classes for 

whom the worlc is intended will find it convenient to have this comprehensive handbook accessible 

for reference." — Live Stock Journal. 

" It is a sinfirularly compact and well informed compendium of the facts and figures likely to 

be required in estate work, and is certain to prove of much service to those to whom it is 

addressed."— S'fv/^f man. 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables on a very much Improved Plan^ for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure, &c. By R. Hudson, C.E. New Edition. 

Royal 32mo, leather, elastic band . . . 4/0 

"Of incalculable value to the country gentleman and professional tsaxi."— Farmers* yournal. 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda required in any Computation 
relating to the Permanent Improvement of Landed Property. By John Ewart, 
Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . 4/0 
"A compendious and handy little volume." — Spectator. 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather .... 7/6 

HANDBOOK OF HOUSE PROPERTY. 

A Popular and Practical Guide to^ the Purchase, Tenancy, and Com- 
pulsory Sale of Houses and Land, including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Information on Building and on the 
right use of Decorative Art. By E. L. Tarbuck, Architect and Surveyor. 
Sixth Edition, xamo, cloth fi/O 

" The advice is thoroughly practical."— Z.aa/ yournal. 

" For all who have dealings with house property, this is an indispensable ^yAAt."— 'Decoration. 

" Carefully brought up to date, and much miproved by the addition of a division on Fine Art. 
A well-written and thoughtful ■mot)iu"—Land Agents' Secotu. 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 

B. Mackie, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 

" This Invaluable guide to Journalism is a work which all aspirants to a journalistic career will 
read with advantage."— y<M<r»a/irA 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramways, Gas and Water Works, &c. 
By L. L Macassby, of the Middle Temple, Barrister-at-Law, M.I.C.E. 
8vo, cloth £1 5s. 

PATENTS for INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth • 1/6 

CONCILIATION & ARBITRATION In LABOUR DISPUTES. 

A Historical Sketch and Brief Sutement of the Present Position of the 
Question at Home and Abroad. By J. S. Jeans. Crown 8vo, aoo pp., 
cloth . « 2/6 
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EVERY MAN»S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Concise 
Dictionary of Legal Terms. By A Barrister. Fortieth Edition, carefully 
Revised, and in(:ruding New Acts of Parliament of 1902. Comprising the 
Licensing^ Act, IQ02; the Shop Clubs Act, JQ02 ; ih^ Midwh'es Act, igo2 ; 
the Cremation Act, igo2, and other enactments of the year. Judicial 
Decisions during the year have also been duly noted. Crown 8vo, 800 f>p., 
strongly bound m cioth. \Just Published, 8/8 

*»* This Standard Work 0/ Reference forms k Complete Epitome of the 
Laws of England, comprising (amongst other matter) ; 

THE RIGHTS AND WRONGS OF INDIVIDUALS 



Landlord and tenant 
vendors and purchasers 
leases and mortgages 

Ioint-stock Companies 
f asters, servants and workmen 
Contracts and Agreements 
MONEY Lenders, suretiship 
Partnership, shipping law 
Sale and purchase of Goods 
Cheques. Bills and Notes 
Bills op Sale, bankruptcy 
Life, Fire, and marine insurance 
Libel and Slander 



Criminal Law 
Parliamentary Elections 
COUNTY Councils 
District and Parish Councils 
Borough corporations 
Trustees and Executors 
Clergy and churchwardens 
Copyright, Patents, Trade marks 
husband and Wife, Divorce 
infancy, Custody op Children 
public Health and Nuisances 
innkeepers and Sporting 
Taxes and Death duties 



Forms of Wills, Agreements, Notices, &c 

HP 77u 0bjtti •/ this work is to enable thost who consult it to help themsetves to the 
law ; and thereby to dispenstt as far as possible, with professional iusistance and advict. Thert 
art many wrongs and grievances which persons swmit to from, time to time through not 
knowing how or whert to apply for redress; and many persons have as great a dread ^ a 
lawyer's (fffice as o/a lion's den. With this book at hand it is believed that many a SlX-AND- 
ElGHTPENCE ntay be saved; manv a wrong redressed ; ntanv a right reclaimed; many a law 
suit avoided; and many an evil abated. The work has established itself as the standard legal 
adzHser o/all classes, and has also made a reputation/or itself as a useful book 4^ r^erencefor 
lawyers residing at a distance front law libraries, who are glad to have at hand a work 
embodying recent decisions and enactments, 

*•* Opinions of thb Press. 

** The amount of infomiation given in the volume is simply wonderful. The continued 
popularity of the work shows that it fulfils a useful purpose." — Law yourtial. 

" As a book of reference this volume is without a rival." — Pall Mall Caxette. 

" No Englishman ought to be without this book." — Engineer, 

"Ought to be in every business establishment and in all libraries."— 5A^^/</ /'#f/. 

•• The • Concise Dictionary ' adds considerably to its value."— Wrj/wi'wj/^r Gazette. 

" It is B complete code of English Law written in plain language, which all can understand. 
. . . Should be in the hands of every business |inan, and all who wiui to abolish lawyers' bills."— 
IVeekly Times, 

" A useful and concise epitome of the law, compiled with considerable care."— Zow MagaMine. 

" A complete digest of the most useful facts which constitute English law." — GUbt. 

"Admirably done, admirably arranged, and admirably cheap."— Z^«<b Mercury. 

" A concise, cheap, and comjdete epkome of the English law. So plainly written that he who 
runs may read, and he who reads may understand."— Fdjfarv. 

" A dictionary of legal focts w^ put togetiier. The book is a very useful one."— ^2s^<telM'. 



LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Services. By 
David Gibbons. Fourth Edition, with Appendix of Statutes by T. F. Uttlbt, 



Solicitor. Fcap. 8vo, cloth 



3/6 



BRADBURY, AGNEW, & CO. LD., PRINTERS, LONCON AND TONBKIOCBi 



WEALE'S SCIENTIFIC d TECHNICAL SERIES. 



MATHEMATICS, ARITHMETIC, &c. 



Geometry, Descriptive. J. F. Heathbb • 
Practical Plane Geometry. J. F. Heatheb. . . 
Analytical Geometry. J. Hann & J. R. Young . 
Geometry. Part I. (Euclid, Bks. I.— III.) H. Law 
Part II. (EucHd, Books IV., V., VI., XL, 

XIL). H. Law 

Geometry, in i vol. (Euclid's Elements) . . . . 
Plane Trigonometry. J. Hann .... 
Splierical Trigonometry. J. Hann . . 

The above 2 vols., bonnd together . 
DifTerential Calculus. W. S. B. Woolhouse . . 

Integral Calculus. H. Cox 

Integral Calculus. J. Hann 

Algebra. J. Haddon 2/> 

Key to ditto , 

Book-keeping. J. Haddon ..... 

Aritlimetic. J. R. Young 

Key to ditto 

Equational Aritlimetic. W. Hipslet . . 

Aritlimetic. J. Haddon 

Key to ditto 

Mathematical Instruments. Heather & Walhislet 2/- 
Drawing & Measuring Instruments. J. F. Heather 
Optical Instruments. J. F. Heather 
Surveying & Astronomical Instruments. J. F. 

Heather 

The above 3 vols., bound together .... 
Mensuration and Measuring. T. Baker . . . 
Slide Rule, & How to Use it 0. Hoare 
Measures, Weights, & Moneys. W. S. B. Woolhouse 2/6 
Logarithms, Treatise on, with Tables. H. Law . 3/- 
Compound Interest and Annuities. F. Thoman . 4/- 
Compendious Calculator. D. O'Gorman . 2/6 

Mathematics. F. Gampin 3/- 

Astronomy. R. Main & W. T. Lynn . . 2/- 

Statics and Dynamics. T. Baker . . 1/6 

Superficial Measurement. J. Hawkings . . 3/6 
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BUILDING & ARCHITECTURE. 

Building Estates. F. Maitlakd . . • 2/- 

Science of Building. E. W. Tarn . • • 3/6 

Building, Art of. £. Dobson 2/- 

Book on Building. Sir £. Beckett . . . . 4/6 

Dwelling Houses, Erection of. S. H. Brooks • 2/6 

Cottage Building. C.B.Allen 2/- 

Acoustics of Public Buildings. Prof. T. R. Smith . 1/6 

Practical Bricklaying. A. Hammond . . . 1/6 

Practical Brick Cutting & Setting. A. Hammond. 1/6 

Brickwork. F. Walker 1/6 

Brick and Tile Making. E. Dobson. • 3/- 

Practical Brick & Tile Book. Dobbon k Hammond 6/- 

3/6 
6/- 
2/6 
2/6 

1/6 

3/- 
1/6 



Carpentry and Joinery. T. Trkdoold & £. W. Tarn 

Atlas of 35 plates to the above . 
Handrailing and Stalrcasing. O. Collinos 
Circular Work in Carpentry. O. Collinos 
Roof Carpentry. G. Collinos . 
Construction of Roofs. K W. Tarn . 
Joints used by Builders. J. W. Christy 
Shoring. 6. H. Blaoroyb 



Plumbing. W. P. Buchan 

Ventilation of Buildings. W. P. Buchan 
Practical Plasterer. W. Kbmp .... 
House-Painting. E. A. Davidson 
Elementary Decoration. J. W. Facet . 
Practical House Decoration. J. W. Facet 

Gas-Fitting. J. Black 

Portland Cement for Users. H. Faija . 
Limes. Cements, & Mortars. G. R. Bxtrnell . 
Masonry and Stone Cutting. £. Dobson 
Arches, Piers, and Buttresses. W. Bland 
Quantities and Measurements. A. C. Beaton 
Complete Measurer. R. Horton 
Light, for use 6f Architects. E. W. Tarn . 
Hints to Young Architects. Wiohtwick k Guillaume 
Dictionary of Architectural Terms. J. Weals 
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